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INTRODUCTION. 


LTHOUGH in the infancy of chromosome research several epoch- 
making studies were made on zoological material (MCCLUNG, 1905, 
1914; BOVERI, 1909; JANSSENS, 1909; AGAR, 1911, 1912), recent advances 
in cytology have been based, in increasing degree, on botanical material. 
Nowadays the number of chromosomes and their morphology are 
known as regards a large number of plant families, and special problems 
regarding the mechanism and structure of chromosomes have been 
tackled and solved, with the large chromosomes of certain Mono- 
cotyledons as material. 

Modern cytological studies on animals are much rarer. There are 
indeed a large number of studies on the cytology of insects, but our 
knowledge of the cytological conditions in animals is otherwise ex- 
‘ tremely scanty. This remark applies particularly to certain groups such 
as the lower Vertebrata. The number of chromosomes has hitherto 
been ascertained as regards about 300 species of vertebrates, including 
about 200 species of Amniota (OGUMA and MAKINO, 1937). As for 
general cytological problems, merely a few studies have been made on 
vertebrates, chiefly dealing with the sex chromosomes in Mammalia 
(KOLLER, 1936, 1937; WHITE, 1940; as regards earlier literature, see 
OGUMA and MAKINO, 1937). 

The object of the investigation reported in the present work was 
firstly to describe the morphology and number of chromosomes in 
certain of the lower vertebrates, and secondly to ascertain whether the 
laws of cellular mechanism previously found in plants and insects are 
applicable also to these animal organisms. Moreover, certain ex- 
periments have been made for the purpose of throwing special light 
on certain cytological problems, such as the factors determining the 
chiasma frequency, the influence of temperature upon chiasma fre- 
quency, the time when the chromosomes divide, etc. Great importance 
has also been attached to the possibilities of drawing conclusions from 
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cytological facts in regard to the phylogenetic connection of the various 
groups examined. 


MATERIALS AND METHODS. 


Unfortunately, owing to the war, the number of species had to be 
confined chiefly to those which could be procured within the country. 

The material used for the present study consisted firstly of embryos, 
secondly of testicles and ovaries from the following species: 


Dipnoi. 
Epiceratodus Forsteri KREFFT. 5 specimens from Australia. Embryos. 
Protopterus annectens OWEN. 5 » » Gambia. » 
» > 1 specimen » » Testes. 
Urodela. 


Ambystoma mexicana COPE. 30 specimens. Derived from animals 
bought from SCHOLTZE und POTSCHKE, 
Berlin. Embryos. 
Pleurodeles waltli MicHAH. 1 specimen. Bought from SCHOLTZE 
und POTSCHKE, Berlin. Testes. 
Triturus cristatus LAUR. 20 specimens from Viggbyholm, in the pro- 
vince of Uppland (Swe- 
den). Testes. 


> » 5 » »  Vollsj6, in the province 
of Scania (Sweden). 
Testes. 

» » 10 » »  Viggbyholm. Embryos. 

» > 2 » » » Ovaries. 

Triturus vulgaris L. 20 specimens from Viggbyholm. Testes. 

» » 10 » » Vollsjo. Testes. 

» » 30 » »  Viggbyholm. Embryos. 

» » 2 » » » Ovaries. 

> » 3n. 1 specimen » Scania. (J. A. BOGK’s pre- 


parations.) Testes. 


Anura. 


Bufo calamita Laur. 10 specimens from Charlottenlund, ~Denmark. 
Testes. 
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Bufo calamita Laur. 5 specimens from Lomma, in the province of 
Scania. Testes. 


Bufo viridis Laur. 5 » » Charlottenlund, Denmark. 
Testes. 
» » 5 > » Lomma. Testes. 
Bufo vulgaris Laur. 10 » » Viggbyholm. Testes. 
» » 5 » »  Sédertilje, in the province 
of Sédermanland (Sweden). 
Testes. 
» » 5 » »  Viggbyholm. Ovaries and 
ovotestes. 
» > 10 > »  Hjalstaviken, in the _ pro- 


vince of Uppland. Embryos. 
Discoglossus pictus OTTH. 10 specimens. Derived from animals 
bought from SCHOLTZE und POTSCHKE, 
Berlin. Embryos. 
Hyla arborea L. 5 specimens from Germany. Testes. 
Pelobates fuscus LAUR. 4 specimens from the province of Scania. 


Testes. 
» » 10 > » the province of Scania. 
Embryos. 
Rana arvalis NiLss. 10 specimens from Viggbyholm. Testes. 
> > 10 » » Jarva, in the province of 
Uppland. Testes. 
» » 2 » » Viggbyholm. Ovaries. 
» » 20° » » » Embryos. 


Rana esculenta L. 4 specimens from Skabersj6, in the province of 
Scania. Testes. 


> » 4 » » Bornholm, Denmark. Testes. 

» > dn. 4 a » » » » 
Rana temporaria L. 10 specimens from Sédertalje. Testes. 

» » 5 » » Viggbyholm. Testes. 

» » 2 » » » Ovaries. 

» » 10 » » » Embryos. 


Xenopus laevis DAUD. 4 specimens. Derived from animals bought 
from SCHOLTZE und POTSCHKE, 

Berlin. _ Testes. 
> > » 10 > Same derivation as above. Em- 
bryos. 
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Reptilia. 


Emys orbicularis L. 3 specimens. Derivation unknown. Testes. 

As a general rule, I have used squash preparations, treated accord- 
ing to the acetocarmin method. Certain modifications in this method 
were, however, made, partly in collaboration with G. SVARDSON. The 
slides were covered with a film of albumin glycerine, which was then 
dried over a gas jet. As soon as the slide had cooled, the fixed object 
was laid on it and crushed between the slide and a greased cover glass. 
Especially as regards testicle preparations, the pressure on the slide 
when crushing should be very hard. The fixing proceeded for one 
minute in 45 % acetic acid and then for two minutes in BELLING’s iron- 
acetocarmin immediately before crushing. In some cases before fixing 
a preliminary treatment was made in 0,1 % KOH for a varying length 
of time. When the cover glass had been removed, the preparations 
were completely stained in acetocarmin in a 45° C. incubator for one 
hour for testicles and two hours for embryos. 

The ovaries were sectioned after fixing in BOUIN’s, FLEMMING’s or 
HERMANN’s fluids and stained in HEIDENHAIN’s hematoxylin. 

As regards Epiceratodus and Protopterus, sectioned series of em- 
bryos, fixed in Boumn’s fluid and stained according to the Azan method, 
were also examined. These preparations belong to the Zootomic De- 
partment of Stockholm University and were originally made for com- 
parative anatomy purposes. Neither the fixing, staining nor the thick- 
ness of the sections (8 microns) were therefore suited for cytological 
investigations. However, they enabled certain comparisons to be made 
with other species dealt with here. 

The optics employed consisted of ZEISs’ binocular microscope with 
LEITZ’ objective 112 X, aperture 1,32 and ZEISS’ compens. ocular 15 < 
and 20 X. The drawings were made with a camera lucida at a 
magnification of 5000 X and reduced to about 1500 for reproduction, 
when nothing else is stated. The microphotographs were taken with 
the said objective and a magnification of 1500 X, except where other- 
wise stated. 

The theory which has been taken as a basis for the interpretation 
of the various cytological problems raised in the course of this study 
is that of DARLINGTON (1937). The reasons for this are firstly that a 
discussion of the results viewed from the angle of different theories 
would have taken too much space, secondly that, in my opinion, 
DARLINGTON’s view of the mechanism of cell-division is the most 
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thorough and that which best covers most cytological phenomena, 
thirdly that it best corresponds with my own results. In certain cases 
these results involve a confirmation of DARLINGTON’s views, in others 
they can be legitimately interpreted on the basis of those views, in 
other cases again they serve to supplement them. 

The statistical methods used here are those of R. A. FISHER as 
described in BONNIER and TEDIN (1940). 

It should also be mentioned that NOBLE’s (1931) systematic 
classification of Anura and Urodela has been adopted in this work. A 
short tabular summary of this classification, comprising the species and 
groups treated or mentioned here, is given below: 


Caudata. (In this work termed Urodela.) 


Suborder I. Cryptobranchoidea. 
Family 1. Hynobiidae. 
Hynobius, Pachypalaminus, Salamandrella. 


Family 2. Cryptobranchidae. 
Cryptobranchus, Megalobatrachus. 


Suborder II. Ambystomoidea. 
Family 1. Ambystomidae. 
Ambystoma. 


Suborder III. Salamandroidea. 
Family 1. Salamandridae. 
Pleurodeles, Triturus. 


Family 2. Amphiumidae. 
Amphiuma. 


Family 3. Plethodontidae. 


Suborder IV. Proteida. 
Family 1. Proteidae. 
Proteus, Necturus. 
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Suborder V. Meantes. 
Family 1. Sirenidae. 
Salientia. (In this work termed Anura.) 
Suborder I. Amphicoela. 
Suborder II. Opistocoela. 


Family 1. Discoglossidae. 
Alytes, Bombina, Bombinator, Discoglossus. 


Family 2. Pipidae. 
Xenopus. 


Suborder III. Anomocoela. 
Family 1. Pelobatidae. 
Pelobates, Pelodytes. 


Suborder IV. Procoela. 
Family 1. Bufonidae. 
Bufo. 


Family 2. Hylidae. 
Hyla. 


Suborder V. Diplasiocoela. 
Family. Ranidae. 
Polypedates, Rana, Rhacophorus. 


RESULTS. 


I. WITHOUT SPECIAL EXPERIMENTAL TREATMENT. 
A. MITOSIS. 


In regard to all the species, it may be stated that the mitosis, where 
it has been investigated at all by previous authors, has been very 
cursorily dealt with. Though the number of chromosomes in some 
forty species of Dipnoi, Urodela, Anura, and Chelonia has been as- 
certained, the exact chromosome morphology is, generally speaking, 
unknown. The number of chromosomes found by me in the species 
examined, together with the numbers given by previous authors, is 
shown in Table 1. 
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TABLE 1. 


Number of chromosomes in the here treated species of 


Dipnoi, Urodela, Anura, and Chelonia. (A complete list of all the known 
chromosome numbers in vertebrates is given by OGUMA and MAKINO, 






































1937.) 
Author’s Numbers given by previous | | 
Species results investigators Figs. | 
2n |n 2n! n| Author 
Dipnoi | | 
Epiceratodus For- | | 
C7 LA Re 32—38)—|—|— = 
Protopterus annec- 1; Plate I, Figs.| 
tens..................| 34 |17/—|— _ 1,25) Blaterit,. | 
Fig. 6 | 
Urodela | 
Ambystoma mexi- | 
CORES ose se.G rece 28 |—/28)/—|PARMENTER (1919) 2 | 
28/14\GALGANO (1933) | 
28/14, CARRICK (1934) | 
28|_| DEARING (1934) | 
w _|Proxorrewa (1935) | 
Pleurodeles waltli| 24 |12\—|12.GaLGano (1933) 18 | 
Triturus cristatus| 24 |12/—|12;\CarnNoy et LEBRUN (1899) | 3, 17; Plate II,' 
| Figs. 1, 2; 
24/12)\JANSSENS (1900, 1901, 1902, Plate III, 
| 1904) Fig. 5 
24 — JOLLY (1904) 
24/12/MEEK (1913) 
24 12, GALGANO (1933) 
» vulgaris| 24 |12,—/12 Cannoy et LEBRUN (1899) | 4, 16; Plate II, 
Figs. 4, 5 
24|—|WALKER (1925) 
24)12;GALGANO (1933) 
24/—|PROKOFIEWA (1935) 
24/12)}B66K (1940) | 
24/12;}\CALLAN (1942) 
Anura 
Bufo calamita ..... 22 = |11/22/11;/STOHLER (1928) 6, 23, 28; Plate 
II, Fig. 3 
» viridis ......... 22 = |14/22/11/BECCARI (1926) 
22/11/STOHLER (1928) 7, 22) 20 
22/11 GALGANO (1933) | 
» vulgaris ...... 22 |11/22/11/STOHLER (1928) |5, 21, 30 
22)11)IRtkI (1929) 
22|11)/MINOUCHI and IRIKI (1931) 
—|11'TcHovu Su (1931) 
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Author’s Numbers given by previous 
Species | results investigators Figs. 
| 2n n 2n| n | Author 
Bufo vulgaris | [22 isianaiieo (1933) 
(continued) ...... 24|—|POSKA-TEISS (1933) 
—/11)WITSCHI (1933) 
Discoglossuspictus| 28 |—j|16)—|CHAMPY (1923) 8 
Hyla arborea ...... 24 /12/24/12)IRIKI (1930, 1932 b) 9, 20, 31 
—|12/Tcuou Su (1931) 
24/12;GALGANO (1933) 
Pelobates fuscus...| 26 |13/—| 8)TcHovu Su (1931) 10, 27, 32 
Rana arvalis ...... 24 |12/22/11;/D0RKEN (1938) 11, 12, 26, 33; 
Plate III, 
Fig. 1 
» esculenta ...| 26 |13/26)13;DALCQ (1930) 
26/13}GALGANO (1933) 14, 34 
» temporaria 26 |13/26/13|WiTscHI (1922, 1924) 13, 25, 35 
26/13} MAKINO (1932 a) 
26/13|GALGANO (1933) 
26/—|PROKOFIEWA (1935) 

Xenopus laevis ...| 36 |18/—|— — 36; Plate II, 
Chelonia Fig. 7 
Emys orbicularis| 50 |25/50/25|MATTHEY (1931) 24, 37; Plate 

Ill, Fig. 6 




















In addition, as regards several species there is some earlier 
literature, mainly of historical interest. As an exhaustive list of this 
literature is given by OGUMA and MAKINO (1937), it has not been 
included here. 

As we see, the figures for the number of chromosomes given by 
previous authors vary from mine as regards several species. PROKO- 
FIEWA (1935) gives 24 or 28 chromosomes in the embryo mitoses of 
Ambystoma, but does not attempt to explain this variation. However, 
in her description of the chromosomes (vide infra), she mentions only 
twelve pairs, whence she seems to regard that number as typical for 
the species. As 14 pairs (or 28; cf. p. 262) were found in all the plates I 
examined and the same figure is given by other investigators (Table 1), 
I have no hesitation in stating this to be the correct number in Amby- 
stoma mexicana. As to whether variations actually occurred in PRO- 
KOFIEWA’s material — and, if so, how they are to be explained —, I 
will not hazard an opinion. 

The same remark applies to the number given by POSKA-TEISS 
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(1933) for Bufo vulgaris, which has been sharply criticized by SAEZ 
et al. (1936), who consider it to be due to some error. 

DURKEN (1938) examined Rana arvalis together with R. tempo- 
raria and the hybrid between those species. As regards R. temporaria 
his figures correspond well with those found by the present writer, but 
for R. arvalis he gives the chromosome number 2n = 22 (Table 1) and, 
in connection therewith, for the hybrid 2n—24. If we examine 
DURKEN’s pictures, we see that in Rana arvalis DURKEN finds only five 
small pairs in addition to the six large ones, whereas in my material I 
have invariably found six. Six small bivalents were found also in the several 
hundred meiosis nuclei I examined (Figs. 26 and 33; Plate IIi, Fig. 1). 
The meiosis is not examined by DURKEN. I have therefore no hesitation 
in stating the number of chromosomes in the Rana arvalis specimens 
from the Stockholm district which I have examined, to be 2n=— 24, 
nT: 

Tcuou Su (1931) gives n=8 for Pelobates and n=6 for Pelo- 
dytes, but it must be due to some mistake. This investigation was made 
at early cleavage stages in hybrids. So far as I can see, these low 
figures are due to the fact that mainly the large chromosomes were 
discovered. 

CHAMPY’s (1923) statement (2n = 16) regarding the chromosome 
number in Discoglossus pictus must likewise be due to some error. In 
this species, it must be admitted, I have examined only mitoses and the 
chromosome number given by me (2n = 28) may possibly be inexact. 
I can, however, definitely state that the number given by CHAMPyY does 
not correspond with that of my material. 

In all the species examined, the mitosis completely follows the 
normal process. In the resting nucleus one or two nucleoli are observed 
in the diploid species, in the triploids usually three. Nucleolus-forming 
constrictions have also been discovered in certain species, whilst in 
others the nucleolus seems to be attached terminally to some chromo- 
some (Scheme 1). Furthermore, a large number of »prochromosomes», 
i.e. heterochromatic parts which in the resting stage are more highly 
condensed than other chromosome parts (cf. DARLINGTON and LA Cour, 
1940; CALLAN, 1942), are observed. They seem to correspond ap- 
proximately in number to the heterochromatic parts discovered after 
cold treatment (CALLAN, 1942, and the present paper, p. 307).. These 
»prochromosomes» are more distinct in Dipnoi and Urodela than in 
Anura, though they are found there, too, in a number approximately 
corresponding to 2n. During the prophase both relic and relational 
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coiling (DARLINGTON, 1937) presumably occur (Plate I, Figs. 3 
and 4). 

The chromosome morphology is shown in Scheme 1. 

The values in the scheme represent the average of five good 





Fig. 1. Mitotic metaphase of Protopterus annectens. — Fig. 2. Mitotic metaphase 
of Ambystoma mexicana. — Fig. 3. Mitotic metaphase of Triturus cristatus. — 
Fig. 4. Mitotic metaphase of Triturus vulgaris. — (1000 X.) 


metaphase plates. Generally speaking, no comparison could be made 
with earlier works, as they do not deal with the more exact chromo- 
some morphology: the only exceptions are PARMENTER (1919) and, 
to some extent, PROKOFIEWA (1935). The values found: by PARMENTER 
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Scheme 1. The chromosome morphology at metaphase in the examined species of 
Dipnoi, Urodela, and Anura, 1000 X. (The centromeres are ‘indicated by horizontal 
lines; the nucleolar constrictions by a circle.) 


in Ambystoma correspond very well with mine. On the other hand, 
PROKOFIEWA’s statements regarding the chromosome morphology in 
Ambystoma, Triturus vulgaris and Rana temporaria deviate somewhat 
from my own findings. 

PROKOFIEWA (1935, p. 155) describes the mitotic chromosomes of 
Ambystoma as follows: »I, II and III — three pairs of large chromo- 
somes with arms of equal length . . . IV and V — two pairs of large 
chromosomes with arms of unequal length . . . VI — a pair of middle- 
sized chromosomes with arms of equal length .. . VII, VIII, IX and X 
— four pairs of chromosomes with arms markedly differing in length... 
XI and XII — two pairs of small chromosomes with arms of unequal 
length ...». 

In this description PROKOFIEWA apparently includes five of pairs 
1—6, one of pairs 7—8 and pairs 9—14 (cf. p. 248). Thus interpreted, 
her results correspond rather well with PARMENTER’s findings and 
my own. 

The chromosome pairs of Triturus vulgaris are described by 
PROKOFIEWA (op. cit., p. 152) as follows: >I, II and III — three pairs 


of large chromosomes with arms of equal length . . . IV and V — two 
pairs of large chromosomes with unequal arms... VI and VII — two 
pairs of middle-sized chromosomes with arms of equal length .. . VII 


(VIII), IX and X — three pairs of chromosomes with markedly unequal 
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arms ... XI and XII — two pairs of small chromosomes with unequal 
arms always readily identified in every plate . . .». 

CALLAN (1942) groups the chromosomes in this species as follows: 
»6M, 2S, 3s, 1m». My own classification, according to the same 
terminology, would be: 5M, 3S,4s. As we see, there are certain 
divergences between the views of PROKOFIEWA, CALLAN and the present 
writer. In default of facilities for a critical comparison of the material, 
it is difficult to determine how far these divergences are real. It must 
be left to coming researches to determine whether cytologically 
distinguishable local races of this species actually exist. 

Rana temporaria has also been investigated by PROKOFIEWA (1935, 
p. 157). She gives the following description of its chromosome set: 
»I| — a pair of large chromosomes with arms of almost equal length... 
II — a pair of large chromosomes with arms slightly differing in 
length . . . If] and IV — two pairs of chromosomes with arms of equal 
length ... V and VI — two pairs of chromosomes with arms markedly 
differing in length... VII — a pair of small chromosomes with arms of 
almost equal length... VIII, IX, X and XI — small (short) chromosomes 
with arms of markedly unequal length, almost headed . . . XII and XIII 
— two pairs of extremely small (short) and headed chromosomes». 

With this view of Rana temporaria’s chromosomes, MAKINO’s 
(1932 a) pictures correspond rather well. There, too, we see six pairs 
of large chromosomes and seven pairs of small ones, besides which the 
second pair has arms of almost equal length. In my material there are 
five large chromosome pairs and the second pair has arms markedly 
differing in length (Scheme 1). 

Witscui (1924), like the present writer, finds five large chromo- 
somes and adds (p. 546) that the largest pair has equal arms. This is 
in good correspondence with my pictures. The same chromosome 
morphology as in my material is observable also in DURKEN’s (1938) 
pictures of Rana temporaria’s chromosomes. 

These observations seem to point to the existence of at least two 
cytologically recognizable local races, the one represented by my 
Swedish, WITscHI’s and DURKEN’s German forms, the other by PRo- 
KOFIEWA’s Russian and MAKINO’s Japanese forms. The chief differ- 
ences between them are that the former, the »western form», has five 
pairs of large chromosomes, the sixth pair with arms of almost equal 
length and the second pair with arms markedly differing in length with a 
secondary constriction a few microns from the distal end of the longer 
arm, whereas the latter, the »eastern form», has six pairs of large chro- 
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mosomes, the sixth pair with arms of markedly unequal length and the 
second pair with arms of almost equal length. It is plausible to suppose 
that the »eastern form» has arisen from the »western form» by un- 
equal segmental interchange between pair 2 and 6, whereby the sixth 
pair increased in size and the second got more equal arms. Though 
this, of course, is merely a hypothesis, it is undeniably supported by the 
fact that the »western form» in its second chromosome has a secondary 
constriction a few microns from the one end, where a breakage would 
be liable to occur (Fig. 13; Scheme 1). In regard to such con- 
strictions, CALLAN states (1942, p. 330): »Nevertheless it must be 
recognized that these segments constitute a source of weakness to the 
continuity of the chromosome thread and that infrequent breakages at 
these points would provide the variation necessary for the play of 
selection». 

From Fig. 1 and Scheme 1 it will be seen that the chromosomes at 
mitotic metaphase in Protopterus are two-armed and very long, 5—30 
microns. The chromosome lengths form a rather evenly falling curve 
without any marked steps at any point. The same remarks apply to 
Epiceratodus Forsteri, which — though, owing to unsuitable material, 
it could not be closely analysed — without the slightest doubt belongs 
to the same type. The number of chromosomes seems to be about the 
same as in Protopterus (Table 1), the chromosomes are two-armed and 
the set is not differentiated into groups with marked differences in size. 

Lepidosiren paradoxa, examined by AGAR (1911), likewise shows 
the same characteristics, whence the three now living members of the 
order Dipnoi show a very good conformity in this respect. 

Corresponding types are very common also in Urodela, where the 
chromosome lengths likewise form an even curve without steps at any 
point. However, at first sight this group is not so uniform as the Dipnoi. 
The chromosome numbers in fact show great variations. The highest 
number, 2n — 64, is found in Megalobatrachus japonicus (IRIK1, 1932 c), 
lowest, 2n = 18, in Proteus (STIEVE, 1920). Generally speaking, the 
Cryptobranchoidea have high numbers, 40—64, whereas the Amby- 
stomoidea examined have only 28, the Salamandroidea 24, and the 
Proteida 18—24 chromosomes (Table 2). 

As regards the chromosome morphology there are likewise great 
variations. In the Cryptobranchoidea rod-shaped chromosomes are 
usual, but V-shaped ones also occur. In the other suborders the forms 
examined seem solely to have two-armed chromosomes (Table 2). 

It seems to me, however, that the number and morphology of the 
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TABLE 2. Chromosome numbers and morphology in Dipnoi, Urodela, 



































and Anura. 
Species 2n | ~——— Author 
| logy 
Dipnoi 
Epiceratodus  Forsteri...... 32—38| All V_ | WICKBOM (present paper) 
Lepidosiren paradoca ...... 38 |38 V AGAR (1911, 1912) 
Protopterus annectens ...... 34 134 V WICKBOM (present paper) 
Urodela 
Hynobius kimurai (Tango 
MACON ieee ne ovatneeseeneds 60 | 16V,441I) Sato (1936 a) 
Hynobius lichenatus ......... 58 | 18V,401I) MAKINO (1932 c) 
» RO RSP sie00s cen ee 56 | 20V,361) MAKINO (1932 c, 1934, 1935 a); 
SATO (1936 a) 
» retardatus ......... 40 | 22V, 181) MAKINO (1932 c) 
Pachypalaminus boulengeri, 56 | 20V,361) Sato (1936 a) 
Salamandrella keyserlingii| 62 | 12V,501) MAKINO (1932 c) 
Cryptobranchus allegheni- 
PE sel iditawackankomabateden 62 | 12V,501I) MAKINO (1935 b) 
Megalobatrachus japonicus; 64 | 12V,521) Irik1 (1932 c) 
Ambystoma mexicana ......| 28 | 28 V Vide Table 1 
» punctatum...... 28 (28 V CREIGHTON (1938) 
Salamandridae 15 sp. ......| 24 |24 V List in OGUMA and MAKINO (1937); 
WICKBOM (present paper) 
Amphiuma means. ............|. 24 | 24 V McGREGOR (1899) 
Proteus anguineus ............ 18 (18 V STIEVE (1920) 
Necturus maculosus ......... 24 |24V Kina (1912) 
Anura 
Discoglossus pictus ......... 28 | 28 V WICKBOM (present paper) 
Alytes obstetricans ............ 32 |32 V JANSSENS et WILLEMS (1909) 
Bombinator bombinus ...... 24 (24 V GALGANO (1933) 
Bombina orientalis . 24 (24 V SATO (1939) 
Rape THRONE... ...::i...c20600 36 | 36 V WICKBOM (present paper) 
Pelobates fuscus ...............| 26 |26 V » » » 
PI TE. icicicccncc| ey List in OGUMA and MAKINO (1937); 
WICKBOM (present paper) 
Holidae 7 sp. ......005<00<05... 2 (24 V IRIKI (1932 b); GALGANO (1933); 
BUSHNELL ef al. (1932); WICKBOM 
(present paper) 
Cacopoides tornieri ......... 28 | 28 V SATO (1936 b) 
PPE. Giincsmanct Bete List in OGUMA and MAKINO (1937); 
WICKBOM (present paper) 
D: -QRUAUS! ics cecste shines 24 |24 V » » » 
Polypedates buergeri ....... 26 | 26 V SATO (1934) 
Rhacophorus schlegelii 26 | 26 V MAKINO (1932 b) 


Hereditas XXXI. 
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chromosomes in Urodela enable us to trace certain lines of evolution. 
If we closely examine the conditions in Cryptobranchoidea, we shall 
find that in the genus Hynobius the varying numbers of chromosomes 
can be brought into correspondence with one another on the basis of 
ROBERTSON’s (1916) »law» that two rod-shaped elements correspond to 
a V-shaped (SATO, 1936a). According to SATO, the chromosome 
numbers in all the Hynobius species, except H. retardatus, may be 
derived from a hypothetic number of 2n = 38 two-armed or 76 rod- 
shaped elements. 

SaTO’s hypothesis, however, can be carried further. Pachypala- 
minus boulengeri corresponds well with the Hynobius species (Table 2). 
The species belonging to the same suborder, Cryptobranchus alleghe- 
niensis and Megalobatrachus japonicus (MAKINO, 1935 b; IrtkI, 1932 c) 
likewise show good correspondence with this theory, in that the number 
of rod-shaped elements (1 V = 2 rods), here is 74 or 76 (Table 2). 
The chromosome numbers in practically the whole suborder Crypto- 
branchoidea can thus be derived from 2n=74—76 rod-shaped elements 
or half as many V-shaped. 

In the chapter on Phylogeny, various reasons are adduced in favour 
of the view that Urodela are derived from the Dipnoi or from forms 
closely related to that order. 

It is therefore very probable that the suborder Cryptobranchoidea 
has been differentiated into the present families and species by »frag- 
mentation», that is, by a process in which V-shaped chromosomes, 
which, phylogenetically speaking, are evidently more primitive, have 
been split into rod-shaped elements. This process seems to have been 
carried furthest in Megalobatrachus japonicus and Cryptobranchus 
allegheniensis, where merely six pairs of V-shaped elements have been 
left. The process is thus paralleled by that which ROBERTSON (1916) 
observed in grasshoppers. In reptiles MATTHEY (1931) attempted to 
show that the number of chromosomes in all the forms examined may 
be derived from n= 24 rods, by the theory that the reverse process, 
»fusion», had taken place during the phylogeny. 

Corresponding conditions have been found by STURTEVANT and 
Novitsky (1941) in Drosophila. Here the chromosome sets in the differ- 
ent species seem to have been formed by combinations of rod-shaped 
elements into varying numbers of V-shaped and rod-shaped forms. 
These authors consider that the Drosophila virilis type, where all the 
elements form free rods, is the most primitive. 

The view that such chromosome changes have played an im- 
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portant part in the phylogeny of Urodela is borne out by the existence 
of extensive heterochromatic parts round the centromeres (cf. STURTE- 
VANT and Novitsky, 1941). 

On the phylogenetic connection between the suborders of Urodela 
the cytological conditions do not throw much light. NoBLE (1931, 
p. 471) states on comparative anatomic grounds: »The salamanders of 
the family Ambystomidae have apparently arisen from Hynobiids or 
from prohynobiids», and (p. 473) regarding Salamandroidea: >... seems 
to have arisen independently from prohynobiid ancestors not living 
today». According to NOBLE (op. cit.), Proteida are derived from 
Salamandroidea. These views are shared also by HERRE (1935), though 
he introduces Proteida as the most specialized group within the 
Salamandroidea. 

If these views are correct, the said suborders must have been differ- 
entiated before the said fragmentation in Hynobiidae or their ancestors 
commenced. It seems, instead, as if the number of chromosomes in 
Ambystomoidea, Salamandroidea, and Proteida had been reduced as 
compared with that of the Dipnoi. This can be explained by a series 
of »fusions». [The said »fusions» and »fragmentations», of course, 
should not be interpreted too literally, as in that case certain difficulties 
will arise in regard to the centromeres. A way of escape from these 
difficulties by the assumption of unequal segmental interchanges has 
been indicated by DARLINGTON (1937, p. 559).) The higher chromosome 
number in Ambystoma may possibly be interpreted in favour of NOBLE’s 
view that this genus is more closely related to Cryptobranchoidea than 
are the Salamandroidea, that is to say, is more primitive. Proteus is 
further modified in the direction of a reduced chromosome number 
(STIEVE, 1920). 

A somewhat different cytological type is found in Anura. The 
length of the chromosomes is still considerable, though less than in the 
forms previously dealt with (Scheme 1). It is also noteworthy that the 
chromosome lengths of practically all the Anura examined form a curve 
with a steep slope in the middle (Scheme 1). 

Similar observations in regard to these forms have been made by 
earlier authors. Nine American and East Asiatic Bufo species, examined 
by Irrkr (1929), MrNnoucai and IrIkI (1931), MAKINO (1932 a), WITSCHI 
(1933), Saez et al. (1936), and Sato (1936b), as well as the three 
European forms examined here, which have been dealt with also by 
BEccaRI (1926), STOHLER (1928), and GALGANO (1933), all have 6 large 
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chromosome pairs, separated from the 5 small ones by a step in the 
length curve. 

Bombina orientalis and Bombinator pachypus have 7 large pairs 
and 5 small ones, whence the said step in the curve has been observed 
also in Discoglossidae (GALGANO, 1933; SATO, 1939). However, its place 
is after the seventh pair, and not, as in Discoglossus, after the fifth. 
The possible connection of this fact with the different chromosome 
numbers in these forms is discussed below. 

The same numbers of small and large chromosomes as those ob- 
served by the author in Hyla arborea are reported by IRIKI (1932 b) 
from Hyla arborea japonica, by GALGANO (1933) in the European 
variety, and by BUSHNELL et al. (1939) in 5 American Hylids. 

Ranidae have been examined by several investigators. In Rana 
esculenta GALGANO (1933) also finds 5 large chromosomes well 
distinguished from the 8 small ones. The same results as those arrived 
at by the author in regard to the number of large and small chromo- 
somes in Rana temporaria have been found also by WritscHt (1924) 
and as regards this species and R. arvalis by DURKEN (1938). — 
DURKEN, however, gives only 11 pairs in R. arvalis (cf. p. 249). —- In 
regard to R. temporaria, PROKOFIEWA (1935) and MAKINO (1932 a), 
however, find 6 large pairs. and 7 small ones. The cause of these 
divergences have already been discussed. Among other Ranids, Rana 
limnocharis (SATO, 1934), nigromaculata (IRIK1, 1932 a), pipiens (SWINGLE, 
1917; PARMENTER, 1920, 1925), rugosa (IRIKI, 1932 a), Polypedates buergeri 
(SATO, 1934), and Rhacophorus schlegelii (MAKINO, 1932 b) have 5 large 
pairs besides the 8 small ones. All the Ranids except Rana arvalis and 
certain temporaria forms thus seem to have the step in the chromosome 
curve after the fifth pair. 

If we consider these conditions within the different suborders, we 
shall find that there is a certain connection between the variations in 
the place of this step in the chromosome curve and the number of chro- 
mosomes. In Discoglossidae the Bombina (Bombinator) species have 
n= 12 and the step after the seventh pair, whilst Discoglossus has 
n = 14 and the step after the fifth pair. It is very plausible to assume 
a real causal connection. For the present, however, we must content 
ourselves with explaining this observation by »fusions» or »frag- 
mentations» (DARLINGTON, 1937, p. 559), whereby large chromosomes 
have been converted into a larger number of small ones or vice 


versa. 
Which of these types is the primary one, Discoglossus or Bombina, 
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it is difficult to determine, but there are certain indications that Disco- 
glossus is the more primitive type (vide infra). 

As regards Procoela, the Bufo species have the step after the sixth 
pair and 11 pairs of chromosomes, whilst the Hylids have 12 pairs and 
the step after the fifth. This corresponds well with the above state- 
ments regarding Discoglossidae. 

There are similar examples also in Diplasiocoela. Rana arvalis has 
n = 12 and the step after the sixth pair, R. temporaria (the »western 
form») and all the other Rana species examined have n= 13 and the 
step after the fifth pair. On the other hand, that the variation in the 


Fig. 14. Mitotic metaphase of Rana esculenta. Cold treatment. — Fig. 15. Mitotic 
metaphase of Rana esculenta 3n — 1. 


place of the step need not necessarily be connected with a change in 
the number of chromosomes is shown by a comparison between the 
»eastern» and »western» form of Rana temporaria, which both have 
n = 13 but the step at different places in the set (cf. p. 254). 

As regards the number of chromosomes, Anura are far more uni- 
form than Urodela. The number fluctuates between 2n= 36 in 
Xenopus and 2n = 22 in the Bufo species. Also in Anura it is a striking 
fact that the highest numbers have been found in the most primitive 
groups (Table 2). 

The occurrence of high numbers in the most primitive group and 
lower in the others may possibly imply that in Anura »fusions» have 
played an important part in the phylogeny. 
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Abnormal chromosome numbers. 


In triploid Rana esculenta a number of spermatogonium divisions 
have been analysed. In the cases observed, the divisions apparently 
proceed quite normally but the chromosome numbers indicate that this 
is not invariably the case. The majority of the cells have the complete 
triploid chromosome number 3n = 39, but several nuclei with 3n — 1 = 
= 38 (Fig. 15) have been observed. In one case such a low chromo- 
some number as 3n — 6 = 33 has actually been found. 

Moreover, stray polyploid cells have been found in otherwise di- 
ploid organisms. In Ambystoma mexicana, Triturus cristatus, T. vul- 
garis, Bufo vulgaris, Discoglossus pictus, Pelobates fuscus, Rana arvalis, 
and R. temporaria tetraploid cells have been met with in embryos. In 
Triturus vulgaris, Bufo vulgaris, Rana arvalis, and R. temporaria tetra- 
ploid cells have been found in testicles (spermatogonium divisions). In 
Protopterus a group of octoploid spermatogonium cells have been 
observed. 

These polyploid cells appear to have arisen by syndiploidy. A 
similar phenomenon has previously been found in many organisms. 
Among the lower vertebrates, syndiploidy has been observed in Teleostei 
by WIcKBomM (1943). 

In regard to the origin of triploids in Urodela and Anura, vide 


p. 288. 
B. MEIOSIS. 
a. Diploids. 


As previously indicated, the meiosis has been examined only in 
testicles; all my observations therefore refer to meiosis in the male. 
In all the forms studied, the meiosis on the whole follows the normal 
course. A few peculiarities, however, call for mention here. A 
polarization of the chromosome ends can already be discerned at lepto- 
tene, and becomes very marked at zygotene and pachytene. All the 
chromosome ends gather towards a point at the periphery of the 
nucleus, whilst the remaining parts of the chromosomes coil through 
the nucleus in the form of long loops. Similar observations have been 
made as regards these forms by earlier authors [JANSSENS (1900) and 
WALKER (1925) in Triturus; AGAR (1911) in Lepidosiren; WiTscHI 
(1924) in Rana; STOHLER (1928) and SaxEz et al. (1936) in Bufo species]. 
Owing to the difference in size between the two chromosome groups 
(see p. 259) in Anura, it is rarely possible at zygotene and pachytene, 
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even in very good preparations, to observe the whole haploid chromo- 
some number: as a rule only the large chromosome pairs can be 
discerned. The small chromosome pairs are so short that they with 
both ends fixed at the same point do not extend so far out into the 
nucleus that they can be distinguished in the tangle at the pole. 

In good preparations it can be observed that at zygotene the chro- 
mosomes are paired at the distal ends, whilst in other parts they are 
still unpaired. Such observations have previously been made as regards 
these forms (WiTSCHI, 1924; CALLAN, 1942), as well as in Lepidosiren 
(AGAR, 1911). This shows that the zygotene pairing in all the species 
dealt with here begins at the polarized ends, which indeed seems to be the 
general rule in those organisms where polarization occurs (DARLINGTON 
and DarK, 1932; DARLINGTON, 1937, p. 91). As this matter is of 
fundamental importance for a thorough understanding of the meiosis 
in Dipnoi, Urodela, Anura, and Emys, especially the peculiar details 
in the frequency and distribution of the chiasmata, it must be specially 
stressed here. 

The earliest diplotene stages, especially in Anura, are rather diffuse 
and therefore elude observation. Somewhat later stages, on the other 
hand, give very distinct pictures, which facilitate exact analyses of the 
chiasma frequency and distribution (Figs. 16—27). At diplotene and 
later stages, interlocking between bivalents has been observed in Anura 
and Urodela (Figs. 18—21, 23, 25, and 26). This, however, is far more 
common in Anura than in Urodela. Although the actual number has 
not been counted, it may be estimated that about half of the nuclei in 
Anura have two or more bivalents interlocked. Owing to the localization 
of the chiasmata, the interlocking in all the cases observed by the present 
writer in Anura was proximal; in Urodela a few cases of distal inter- 
locking have been observed. 

The diakinesis differs very considerably in different groups. In 
Urodela and Dipnoi the diplotene spiralization successively increases, 
the chiasmata are terminalized, and the chromosomes pass into this 
phase gradually. In Anura and Emys, on the other hand, a new 
spiralization sets in at the very beginning of the diakinesis, namely the 
major spiral (DARLINGTON, 1937), whence the diakinetic and M! chro- 
mosomes differ considerably in appearance from the diplotene and 
mitotic chromosomes. The family Discoglossidae seems to form an 
exception in this respect: to judge from the pictures published by 
JANSSENS et WILLEMS (1909), CHAMPY (1923), GALGANO (1933), and 
Sato (1939), all the four species examined have approximately the 
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Fig. 16. Diplotene of Triturus vulgaris. — Fig. 17. Diplotene of Triturus cristatus. — 
Fig. 18. Diplotene of Pleurodeles waltli 2n+ 2. — Fig. 19. Diplotene of Hyla 
arborea. Chain of 4 interlocked bivalents. — Fig. 20. Diplotene of Hyla arborea. — 
Fig. 21. Diplotene of Bufo vulgaris. N. B. interlocking. — Fig. 22. Diplotene of 
Bufo viridis. — Fig. 23. Diplotene of Bufo calamita. N. B. interlocking. — Fig. 24. 
Diplotene of Emys orbicularis. — Fig. 25. Diplotene of Rana temporaria. N. B. inter- 
locking. — Fig. 26. Diplotene of Rana arvalis. N. B. interlocking. — Fig. 27. 
Diplotene of Pelobates fuscus. 
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same chromosome lengths at mitosis and meiosis. In Alytes (JANSSENS 
et WILLEMS, op. cit.) this does not always seem to be the case. A mitotic 
appearance of the chromosomes at MI, i. e. minor spirals only, has been 





Fig. 28. M! of Bufo calamita. — Fig. 29. M! of 
Bufo viridis. — Fig. 30. M! of Bufo vulgaris. 
— Fig. 31. M! of Hyla arborea. — Fig. 32. 
MI of Pelobates fuscus. — Fig. 33. M! of Rana 
arvalis. — Fig. 34. M! of Rana esculenta. — 
Fig. 35.. M! of Rana temporaria. — Fig. 36. 
MI of Xenopus laevis. — Fig. 37. M! of Emys 
orbicularis. — Fig.38. M! of Rana esculenta 3n. 


observed by GALGANO (1933) in some cells of Rana esculenta in other- 
wise normal testicles. A similar observation has been made by SWINGLE 
(1925) as regards Rana catesbiana at the first larval meiosis. So far as 
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I can find, Urodela, Dipnoi, and the Discoglossids are the only known 
cases in any organism where major spirals are normally missing (cf. 
KuwabDa, 1939, p. 232). (KuwapDa adds about meiotic chromosomes 
without major spiral: »May possibly be found in animals».) This fact 
seems particularly remarkable if we consider the immense chromosome 
length in these forms, which certainly have the longest M! bivalents ever 
examined. That the spiralization conditions are as above stated is 
indicated by the following circumstances. Firstly, the major spiral in 
Anura and Emys, when uncoiled by treatment with KOH, was found 
to consist of chromatids of the usual mitotic size (Fig. 46). Since the 
mitotic chromatids by uncoiling with KOH were found to consist of a 
close spiral (Plate III, Fig. 7; Figs. 40 and 41), it may be presumed that 
this is also the case with the meiotic chromosomes freed from the major 
spiral. Secondly, the chromosome length in Dipnoi and Urodela is 
about the same in meiosis and mitosis, which could scarcely be ex- 
plained if there were an additional spiral in the meiotic chromosome, 
whereas in Anura and Emys the mitotic length is two to four times as 
large as the meiotic length at metaphase. Thirdly, in Anura the 
secondary constrictions completely disappear after diplotene, whereas 
they are retained in Urodela. (Such constrictions have not been 
discovered in Emys.) 

The metaphase follows the usual course, with the modifications 
entailed by the special spiralization conditions in Urodela and Dipnoi 
and the localization of the chiasmata (Plate II, Figs. 2, 3, 4, 6, and 7; 
Figs. 28—38). The anaphase and the second division proceed normally. 
In the second division, Anura have both a major and a minor spiral; 
Urodela and Dipnoi only the minor. Later stages in the spermatogenesis 
have not been investigated. 


Chiasma frequency and localization. (Diploid species.) 


The chiasma frequency in different species at different stages, as 
well as other data connected therewith, have been summarized in 
Tables 3 and 4. 

Certain details in Tables 3—4 call for special comment. An 
examination of the number of X:ta/bivalent at diplotene in the various 
groups shows that statistically significant differences exist between the 
different Urodela (P < 0,001), whereas Anura are fairly homogeneous 
(0,05 > P > 0,02). Between Anura and Urodela there is a marked differ- 
ence (P < 0,001). Emys, at any rate in the large chromosomes, corres- 
ponds closely to Anura. 
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TABLE 3. Chiasma frequency at diplotene in Protopterus, Urodela, 
Anura, and Emys. 








| 


| | Number | 


























pawates Number of bivalents with | Total | of | 
2 . iy PG PE a) bivalents | oe | 
1X |2X:ta| 3 X:ta| 4 X:ta| 5 X:ta| 6 X:ta| | guelei | 
Dipnoi | acai, oe Oe ee 
Protopterus annec- | | | 
 eiiicenseses 3 29 | 18 4; 4);— |] 68 | 4 
Urodela | 
Pleurodeles waltlii — 79 | 21 8 | eae ae 108 | 9 
Triturus cristatus) 1 | 72 | 84 | 60 | 21 | 2 | 240 | 20 
» vulgaris) 2 | 32] 20 | 3 } 1 | 60 | 5 
Anura | 
Bufo calamita....... 11 | 207 2;—+/—j]-— 220 20 
» viridis ......... a Ss! ese ee ee 20 | 
» vulgaris ...... | 6 | 211 3 | — —|—| @& 20 | 
Hyla arborea ....... 22 | 214 i= |} = | =~.) a 20 | 
Pelobates fuscus..., 38 | 212| 9 | 1 | — | — | 260 20 | 
Rana arvalis ......) 13 | 224} 3 / — | — | — 240 20 | 
» esculenta .... 20 | 237 $;/—|—-|- 260 20 | 
» temporaria.) 9 | 121] — | — | - | - 130 | 10 | 
Xenopus laevis ...| 27 | 326| 7 | — | — | — | 360 20 | 
Emys orbicula- | | 
Ye i a oi oe an ne eee 88 ee 








1 Metaphase. — ? The 11 largest bivalents. 


As the chiasma frequency is to some extent correlated to the chro- 
mosome length (v. infra), which is considerably larger in Protopterus 
and Urodela, a special analysis has been made for the purpose of as- 
certaining whether the chiasma frequency in chromosomes of equal 
length in Anura and Urodela shows any divergence. The material 
consisted of the six small chromosome pairs in five diplotene cells of 
Triturus vulgaris, on the one hand, and the seven large pairs in twenty 
diplotene cells of Pelobates fuscus, on the other. The values are sum- 
marized on p. 269. Chromosomes of approximately equal length (10— 
20 microns) from the species of Anura which has the highest chiasma 
frequency have been compared with those of the Urodelian which shows 
the lowest frequency. 

An analysis of variance of the difference in the number of chi- 
asmata/bivalent between Pelobates and Triturus gives P < 0,001. 

The difference in chiasma frequency between Urodela and Anura 
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TABLE 4. Chiasma frequencies and terminalization in Protopterus, 
Urodela, Anura, and Emys. 

| Number Number | Number | Termina- 

Species Stage of of ame Per | of ovens lization 

nuclei X:ta bivalent nal X:ta coefficient 

Protopterus annec- | 
(ORG esis Metaphase | 4 191 2,81 111 0,58 
Pleurodeles waiili| Diplotene 9 253 2,34 35 0,14 
» » | Diakinesis 8 211 2,20 94 | 0,45 
» » | Metaphase 20 527 2,20 339 0,64 
Triturus cristatus| Diplotene 20 754 3,14 146 0,19 
» » Diakinesis 20 722 3,01 289 0,40 
» » Metaphase 20 704 2,94 331 | 0,47 
> vulgaris; Diplotene 5 154 2,57 35 | 0,23 
» » Diakinesis 9 216 2,00 82 0,38 
» » |Metaphase| 9 212 1,97 114 | 0,54 
Bufo calamita ...... Diplotene 20 431 1,96 212 0,49 
URIS 2.566. Diplotene 20 423 1,92 214, | (O51 
» i aaaoenea Metaphase! 20 423 1,92 414. | O98 
» vulgaris ......| Diplotene 20 437 1,99 269 | 0,62 
» b=. oe Diakinesis 20 427 1,94 366 =| 0,85 
» De cigees Metaphase| 20 425 | 1,93 422 0,99 
Hyla arborea ...... Diplotene | 20 462 | 1,93 123 0,27 
» br. cone Diakinesis | 20 466 1,94 342 0,73 
» Bae Metaphase; 20 463 1,93 451 | 0.97 
Pelobates fuscus...| Diplotene 20 493 1,89 93 0,19 
» » ...|Diakinesis| 20 482 1,85 216 0,45 
» » ...|Metaphase| 20 480 1,85 426 0,89 
Rana arvalis ...... Diplotene | 20 470 1,96 297 0,63 
» a Ee Diakinesis| 20 451 1,88 379 sO, 
» bo Se Metaphase; 20 444 1,85 437 | 0,98 
» esculenta ...| Diplotene | 20 503 1,93 310 | 0,62 
»  lemporaria | Diplotene | 10 251 1,93 159 =| ~—(OO,63 
» » Diakinesis| 20 503 1,93 466 | 0,93 
» » Metaphase| 20 496 1,91 493 0,99 
Xenopus laevis ...| Diakinesis 20 700 1,94 573 | ~—s(O,82 
» » ...|Metaphase; 20 701 1,95 641 | 0,91 
Emys_ orbicularis| Diakinesis 8} 170 1,93 129 | 0,76 
4 Only the 11 large bivalents. 
also as regards chromosomes of approximately equal length is thus 


statistically established. 

A marked terminalization of the chiasmata has been found in all 
the species (Table 4). With the exception of Pelobates, it is throughout 
most noticeable between diplotene and diakinesis, whereas between 
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Species Number of bivalents with 
1X 2X:ta 3X:ta 4X:ta 5X:ta Total biv. Mean X:ta/biv. 
Pelobates fuscus...... 1 129 9 1 — 140 2,07 
Triturus vulgaris ... 1 19 7 2 1 30 2,43 


diakinesis and metaphase it is, generally speaking, very slight. There 
is a distinct difference in the degree of terminalization between Anura 
and Emys, on the one hand, and Protopterus and Urodela on the other. 
The difference is observable at all stages, but is most marked at meta- 
phase, where the first mentioned forms have a_ terminalization 
coefficient varying, according to the species, between 0,89 and 0,99, while 
the last-mentioned forms have a coefficient between 0,47 and 0,65; this 
signifies that at metaphase almost all the chiasmata are terminalized in 
Anura, but merely about half of them in Urodela and Protopterus. In 
this respect Anura correspond to Primula and Campanula (see Dar- 
LINGTON, 1937, pp. 105 and 514), whilst Urodela hold an intermediate 
position between this extreme and the opposite one, which is represented 
by Fritillaria (DARLINGTON, loc. cit.). 

In regard to the conditions which give rise to these differences, 
DARLINGTON states (1937, p. 512): »The differences found in degree of 
terminalization in organisms with chromosomes of similar sizes . . . may 
be said to be immediately due to differences in the rate of movement 
relative to external development». That is to say, a higher degree of 
terminalization may, in some cases, be due to a slow rate of develop- 
ment in the cells, so that the chiasmata have more time to become 
terminalized. This agrees well with STRAUB’s (1936) observations, which 
the present writer can confirm (p. 306), that the degree of terminali- 
zation falls at high temperature and rises at Jow. 

A very good example of this fast development of the cell is Pelobates 
which also deviates from the other forms, in that spiralization does not 
reach its maximum till metaphase, instead of, as usual, at diakinesis. 
Subsequently, however, SWANSON (1941) showed that the chiasma fre- 
quency and the number of major coils are negatively correlated, and 
that the degree of terminalization increases with the number of major 
coils. As SWANSON’s investigations are accessible merely in a summary, 
further particulars on this matter are not obtainable at present. It is, 
however, plausible to suppose that the degree of spiralization is not only 
a resultant of the same forces which influence the terminalization, but 
also itself affects it, possibly by increased »body repulsion» [a term in- 
troduced by DARLINGTON (1937)]. 

It must, however, be recognized that the factors indicated do not 
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Graphs I—V. The relation between chromosome (arm) length and number of 
chiasmata. (Cf. Table 5.) 
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suffice to explain all the differences in the degree of terminalization 
between Anura and Urodela, nor, of course, between other organisms 
with marked divergences in this regard. It should, however, be added 
that differences of another kind evidently play an important part, 
namely those which are due to different physiological or morphological 
properties, such as varying degrees of repulsion between chromosomes 
or centromeres, etc. In regard to the réle played by these forces in 
terminalization, see DARLINGTON (1937, p. 514 ff.). 


The connection between chromosome (arm) length and chiasma 
frequency. 

Where possible, the relation between the chromosome (and arm) 
length and the number of chiasmata in the various species has been 
computed. The results are summarized in Table 5 and Graphs I—V. 

The conditions in Pleurodeles could not be analysed owing to the 
lack of good mitotic pictures for the exact determination of the chro- 
mosome lengths. From Table 5 it appears, however, that Pleurodeles 
must correspond most closely with Triturus cristatus, as the curve for 
the relation of the number of chiasmata to the chromosome length 
seems to follow a quadratic equation (v. infra). 

A close examination of Xenopus and Emys was likewise impeded 
by the lack of good mitotic pictures; moreover, the chromosomes of 
Xenopus are so small and so like one another that there is no possibility 


TABLE 5. The relation between the number of chiasmata and the 
length of chromosomes and chromosome arms at mitotic metaphase. 


a. Protopterus annectens. Metaphase. 





























i i; 
Ritihae Length of chromosome in microns e | 
a | Total | 
Sew i545 ss PD HS Om se 28 

5 ‘i. ae ae oe 
4 a a? oo a ee a oe 
3 yes eee | 1 1 1 1 1 } 18 | 

2 ae a GSE Be ae 1 | 29 

1 | 2 1 | 3 
Frequency|4 8 8 8 4 4 4 4 8 4 4 4 4 |68 | 
S(y) 19 17 17 16 9 10 11 12 24 15 16 17 18 |191 
y | Qy95 2,13 2,13 2,00 2,25 2,50 2,75 3,00 3,00 3,75 4,00 4,25 4,50 | 2,088! 


Equation of the regression line: The scanty material does not admit of accurate 
analysis. 
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a Length of arm in microns aia | 
salina (a4: S69 S29 6 1 18 ee | 
3 1 oe 4 
2 Bi 8 2 BBB BO a OY. 1B. SB 58 
1 Ss we. 2 3.80. 6S Se 5. Be 63 
0 ao: 8 | 11 
|Frequency| 28 8 8 4 16 12 16 16 12 4 8 4 136 
| ao - 2 2 8 £32 BS Ss se} Ue | 
y 0,64 1,00 1,13 1,25 1,37 1,50 1,63 1,69 1,92 2,00 2,25 2,95 | 1,4044) 
Y — 0,1215x + 0,5217. Cf. Graph I. 
b. Pleurodeles waltli. Diplotene. 
| — | Chromosome pair No. 
| £ x | Total | 
iia 2. . a oe oe oe ee oe ee oe | 
| | | 
| | 
| 4 1 2 oe a | 8 | 
| 3 a i oa ae oe oe ae 
| 2 De ee DS Be BS a | 79 
Frequency| 9 9 9 9 9 9 9 9 9 9 9 Q 108 
S(y) 'weQeeprnenwtana eer uM SB 233 | 
| y | 2,00 2,09 2,00 2,00 2,00 2,56 2,22 2,33 2,89 3,00 2,67 2,44 | 2,3426) 


dv 


As it was not possible to observe the mitotic lengths, the relation cannot be 
determined, but the regression line seems to be determined by a quadratic equation. 





ce. Triturus cristatus. Diplotene. 





























Y = 0,4207x — 0,0086x” — 1,3015. Cf. Graph II. 


N Length of chromosome in microns | 
Number iT 
—_——| Total 
ose 119 12 18 15 «16 «17: «88 (8k ts eC 
l 
6 1 1 | 2 
5 2 5 2 7 3 2 | 21 
4 va 1 5 4 6 12 5 12 2 | 60 
3 1 2 9 42 8 5 6 6 5 10 | 84 
2 18 27 8 6 5 3 2 1 | 72 
1 1 ‘al 
Frequency | 20 40 20 20 20 20 20 20 20 20 20 |240 | 
S(y) |40 9 53 59 64 66 76 76 77 78 70 1754 | 
y | 2,00 2,38 2,65 2,95 3,20 3,30 3,80 3,80 3,85 3,90 3,50 | 3,1417 
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on Length of arm in microns s | 
" —____} Fotal | 
= oR OF ee Pee ae te te | 
| 
3 ) ee” Sala 6. de Gar 6s 1 | 26 | 
2 i £2? Sac e One ee 8 ee 
1 19) 19" 18. -43* “60) 170 8 Si 22 So 230 
0 1 a) 
Frequency | 20 20 20 60 100 40 20 40 60 20 40 20 20 |480 
S(y) 19 21 22 77 141 65 33 73 115 39 78 41 30 [754 
y 0,95 1,05 1,10 1,28 1,41 1,63 1,65 1,83 1,91 1,95 1,95 2,05 1,50 | 1,5708| 


Y — 0,2773x — 0,0100x” + 0,0255. Cf. Graph III. 





d. Triturus vulgaris. Diplotene. 



























































er wa Length of chromosome in microns ban | 
——) Total | 
of kta (10 12 14 17 18 21 22 23 26 27 8 CO | 
6 1 | 
5 1 1 2 
4 y 1 3 
3 3 Ss: 2 1 1 3 1 2 | 20 | 
2 5 i Z 2 2 2 2 1 3 3 | 32 | 
1 1 1 {2 | 
Frequency] 5 10 5 5 5 5 5 5 5 5 5 60 | 
| 
S(y) 0 62% «(618~«(13 «(15 138 4A 8 AA 154 | 
y 2,00 2,30 2,60 2,60 3,00 2,60 2,80 2,60 2,80 72,80 2,40 | 2,5667| 
Y — 0,0303x — 0,0001x? + 2.0119. Cf. Graph IV. 
Length of arm in microns 
ever Total 
ae 4 fs se DR OH OO 
4 1 1 
3 -_, a. | 5 
2 3 2 3 6 5 4 23 
1 5 Oo -- 10") 12°70 4 10 2 413) =13 1 89 
0 1 1 2 
Frequency|}5 10 10 15 15 #5 10 5a: 20) 20 5 |120 
a i6 € © 8S 7 8 28 30 9 |154 | 
y | 1,00 0,90 1,00 1,20 1,33 1,40 1,00 1,60 1,40 1,50 1,80 | 1,2833 





Y — 0,0489x + 0,8126. Cf. Graph V. 


Hereditas XXX1I. 
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e. Bufo calamita. Diplotene. 


























siete | Length of chromosome in microns 
t X+t eee Total 
soheaias .. - ies + 6 «© 12 13 
| 
3 1 1 | 2 
2 | 13 19 60 18 19 19 20 19 20 207 
1 | , 4 me 1 | 11 
Frequency; 20 20 60 20 20 20 20 20 20 =: (220 
Sy) | 33 39 120 40 39. 39 40 41 40 |431 
y | 1,65 1,95 2,00 2,00 1,95 1,95 2,00 2,05 2,00 1,9591 





The values are not satisfied either by a linear or by a quadratic equation. 



































Number |__—_—sEemath of arm in microns | 
va ~4 1 2 3 4 5 6 7 | 
2 1 1 | 2 
1 36 96 78 20 78 99 20 427 
0 4 4 2 1 11 
Frequency 40 100 80 20 80 100 20 1440 
S(y) 36 9% 78 +$.20 80 101 20 431 
y 0,90 0,96 0,98 1,00 1,00 1,01 1,00 | 0,9795 


The values are not satisfied either by a linear or by a quadratic equation. 








: 
| 
| 























f. Bufo viridis. Diplotene. 
Nusiier | Length of chromosome in microns 
Total 
of X:ta : «2s «hh 2 i He. 
3 1 1 
2 9 18 19 39 19 20 20 39 18 201 
1 11 4 1 1 1 1 1 18 
Frequency 20 20 20 40 20 a. 20 40 20 220 
S(y) | 29 38 39 79 39 40 40 79 40 423 
y | 1565 1,90 1,95 1,08 1,95 2,00 2,00 1,98 2,00 1,9227 





The values are not satisfied either by a linear or by a quadratic equation. 
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Length of arm in microns 























| Number is ____| Total | 

| - | Sa ee oe oe ee ee ee | 

| 2 | I | f. 4 
1 10 95 60 59 20 99 40 20 18 421 | 
- tes 1 1 1 18 

| Frequency | 20 100 60 60 20 100 40 20 20 440 

| Sy) | 10 9 60 59 2 99 +40 2 2 (423 | 

y | 0,50 6,95 1,00 0,98 1,00 0,99 1,00 1,00 1,00 | 0,614! 


The values are not satisfied either by a linear or by a quadratic equation. 


g. Bufo vulgaris. Diplotene. 





















































| N Length of chromosome in microns 
; Number | ws 
i X:ta | | Total 
lee 5 6 . 2.  &..2. 2 | 
l 
= 1 et | 3 
2 | 37 19 20 38 20 19 19 211 
“ae SR "Se See 1 6 
Frequency| 40 40 20 2 40 2 2 20 220 
S(y) | 79 77 39 40 80 40 41 41 437 
y | 10s 1,93 1,95 2,00 2,00 2,00 2,05 2,05 1,o864 
Y — 0,0073x + 1,9180. 
— - : 
‘ : | 
Number | _ Length of arm in microns | rotat 
wiles 2 3 4 5 6 8 9 | 
2 1 2 | 3 
1 135 60 20 59 60 59 38 431 
0 5 1 | 6 
Frequency | 140 60 20 60 60 60 40 1440 
%) | 6 © *%» ©» » F «& 437 
y | 0,96 1,00 1,00 0,98 1,00 1,02 1,05 | 09932 





Y = 0,0092x + 0,9505. 
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h. Hyla arborea. Diplotene. 








Length of chromosome in micr ; | | 
Suekher g c i icrons 






























































| 
ae | ss 3 se ee | 
3 | 1 1 2 | 4 | 
2 Cees 16 60 20 19 20 19 39 14 214 | 
1 | 13. 4 1 ‘> oe 
Frequency); 20 20 60 20 2 2 2 40 2 /240 
S(y) Reg 36 =: 120 40 39 40 41 81 38 |462 
y | 1,35 1,80 2,00 2,00 1,95 2,00 2,05 2,03 1,90 | 1,9250) 
The values are not satisfied either by a linear or by a quadratic equation. 
| Length of arm in microns | 
| veenngl _ : | Total | 
leis | be A ee a | 
| Sy 1 2 1 4 
| 1 51 73 «99 «60 «(59 C214 19s 
| 0 9 7 1 1 4 22 | 
|Frequency| 60 80 100 60 60 60 20 20 20 480 | 
| ie fh 2B 2. @ 2 & @ Be FB 462 | 
| y | 0,85 0,91 0,99 1,oo 0,98 1jo2 1,00 0,90 1,05 | 0,9625! 
The values are not satisfied either by a linear or by a quadratic equation. 
i. Pelobates fuscus. Diplotene. 
| oo iabiuaainie of chromosome in microns is 
[in * * 7 Be BS OOP eS 
4 1 1 
3 1 5 3 9 
2 14 11 18 40 19 39 20 20 15 16 212 
| 1 26 9 2 1 38 
|Frequency| 40 20 20 40 20 40 2 20 20 20 (260 
| S(y) |54 31 38 80 39 81 40 40 45 45 493 
| y | 1,35 1,55 1,090 2,00 1,95 2,03 2,00 2,00 2,25 2,05 | 1,8961 








J 


The values are not satisfied either by a linear or by a quadratic equation. 
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Neasher Length of arm in microns less 
of X:ta a ee oe oe es ee ee | 
2 1 1 4 5 11 
1 25 20 98 80 79 20 39 39 36 35 471 
0 35 2 1 38 
Frequency| 60 20 100 80 80 20 40 40 40 40 520 
S(y) 25 20 98 80 79 20 41 41 44 45 493 | 
y 0,42 1,00 0,98 1,00 0,99 1,00 1,03 1,03 1,10 1,13 | 0,9481 | 


The values are not satisfied either by a linear or by a quadratic equation. 


k. Rana arvalis. Diplotene. 
























































| Nessber Length of chromosome in microns | | 
| s Total 
i | 
[ ee 2 2 + ee 
| 3 1 1 1 | 
| 2 13 19 38 18 19 59 20 19 19 \22 
| 1 7 1 2 1 1 1 | 13 
| Frequency | 20 20 40 20 20 60 20 20 20 |240 
| oo |S © eB 6 BP iP ew Hn OM ‘470 
| y | 1jes 1,95 1,95 2,00 1,95 1,98 2,00 2,05 2,05 | 1,9583| 
The values are not satisfied either by a linear or by a quadratic equation. 
‘cine Length of arm in microns | , 
¢ Xste | Total 
a 3 2 oe ek a a | | 
| 
2 1 1 1 &. 
1 34 619 98 56 59 40 39 60 19 40 464 
0 = ae ee ee | 13 
Frequency! 40 20 100 60 60 40 40 60 20 40 \480 
S(y) | 34 19 98 58 59 40 41 60 21 40 470 
y | 0,85 0,95 0,08 0,97 0,98 1,00 1,03 1,00 1,05 1,00 | 0,9792 





The values are not satisfied either by a linear or by a quadratic equation. 
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1. Rana temporaria. Diplotene. 
































Member | Length of chromosome in microns Toa | 
ne i 4&2 % 2 en Oo we Se | 
‘2 | 9 29 8 27 8 10 10 10 10 121 
1 .. 1 ae . 2 9 
Frequency| 10 30 10 30 10 10 10 «©10 ~~ 10 130 
io |b» © @&@ FT wn 2 Me DB ® [251 | 
| y | 1,00 1,97 1,80 1,90 1,80 2,00 2,00 2,00 2,00 | 1 “eses| 


The values are not satisfied either by a linear or by a quadratic equation. 


























| Number | Length of arm in microns i 
alone oe ee ee oe oe oe oe | 
| 1 1G wy 48 40 2 2 40:70 2 410 lost | 
| 0 = | 9 | 
Frequency | 20) 90 20) 40) 2002010 10 20 10 |260 

| S(y) 1. Sy 35. 840 20 2) Ww. 10 2. 40 \251 

| y | 0,80 0,97 0,90 1,00 1,00 1,00 1,00 1,00 1,00 1,00 | 0,9654, 


The values are not satisfied either by a linear or by a quadratic equation. 


m. Emys orbicularis. Diakinesis. The 11 largest bivalents in every 
cell are analysed. 
































on ! Chromosome pair No. : a 
rae Se a i a ee ee ee re 
3 1 1 1 4 7 
4 7 8 7 5 5 5 a 7 6 7 4 68 
1 1 1 3 3 2 1 1 1 13 
Frequency 8 BY) 88-5. Oy we, we Oe ee OL FS 88 
S(y) . eS Bt sh. Se SUS 170 
y | 1,88 2,00 1,88 1,63 1,63 1,88 1,88 2,13 2,00 1,88 2,50 | 1,9318 





As it was not possible to observe the mitotic lengths, the relation cannot be 
determined. 
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of homologizing them from nucleus to nucleus. There is, however, 
nothing to indicate that this species deviates from the other Anura, 
except as regards the chromosome number (cf. Tables 2, 3, and 4). 
This is of interest, seeing that Xenopus belongs to that group of Anura 
which is considered to be most primitive (v. infra). 

It appears from Table 5 and Graphs I—V that in Protopterus and 
the Urodela the number of chiasmata is correlated to the chromosome 
length or arm length. In Protopterus and Triturus vulgaris the re- 
gression seems to follow a linear equation, that is, the number of chi- 
asmata is directly proportional to the chromosome or arm length. In 
Triturus cristatus and Pleurodeles, on the other hand, the regression 
seems to follow a quadratic equation, that is, the number of chiasmata 
rises with increasing chromosome length, but falls again in the very 
longest chromosomes or arms. 

In Anura and Emys there is practically no correlation (Table 
5e—n). The number of chiasmata in the smallest chromosomes 
(shortest arms) rapidly rises to 2 per bivalent (1 per arm pair), and 
then remains practically unchanged, regardless of any increase in the 
chromosome or arm length. 

These conditions are closely connected with the localization of the 
chiasmata. The diplotene pictures (Figs. 16—27; Plate II, Fig. 1) in 
fact indicate that the chiasmata are situated chiefly at the distal ends. 
This is clearly shown by the following analysis (Table 6). 


TABLE 6. Number of chiasmata within different chromosome regions. 
Average of five diplotene nuclei. Triturus vulgaris. (Cf. Fig. 39.) 








Region 1 | Region II | Region III _ 





Distal end— |5—10 wu from)10—15 u from 
5 uw from it| distal end | distal end 








Number of arms within reg. ............ 24 19 13 
Total length of reg. in microns ......... 115,5 85,5 38,0 
Number of chiasmata within reg.(Total)} 121,0 18,0 15,0 
Number of chiasmata/nucleus within 

Reis Gissss-c-s 24,2 3,6 3,0 





| Number of chiasmata/arm and nucleus 











VAMNUENA BIO 6 aos soak sca dic cosnoessossusvedossess 1,0084 0,1895 0,2308 
|Number of chiasmata/micron within 
| 
| (WRRWRNE Soto os cau tec ce rove actes cde sesese ccs 0,2096 0,0421 0,0792 
> 


The probability of this distribution of the chiasmata being due to 
chance is indicated by the following calculation: 
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Reg. I Reg. II Reg. III | Total | 
Observed number of | 
chiasmata ............ 121 18 15 | 154 
Expected number of |115,5.154 74 |85,5.154_ 5. | 38.154 4) | 40, 
chiasmata (e) ...... ete & Sei I Sete Sell 
es | | | 
(Deviation)? |) 2 aoe | Se tT 
e | 


This value of 7° gives P < 0,001, whence the chiasmata are not dis- 
tributed by random but localized towards the ends of the chromosomes. 

The same result is shown by Table 7, where chromosome arms 
longer than 9 microns in Triturus vulgaris have been divided into 
regions, Reg. I comprising the distal end — 9 microns from it, Reg. II 
the remainder of the arm. 


TABLE 7. Number of chiasmata per micron in different regions of 
chromosome arms of 10 microns or more in length. Triturus vulgaris. 
5 diplotene cells (cf. Fig. 39). 


: 
| 
! 
| Chromosome and | 
. | arm | 
| 3L? 
| 
| 








Region I 





| 


10L | 









































1L| 7L| 2b 1k*| 5 | st| 61 ak | 4L | 3k | 4k 
_ | 

Number of chias- | | | | | 
|_mata.............../6 |5 |7 1/6 |5 1/6 15 |5 [6 |5 |5 |5 {6 _ 
| | eo 
|Length in mi- | | | | | | | | 
| _erons..............|9-19 |9 |9 |9 |9 |9 |9 |9 |9 |9 |9 |9 
| 
| Region Il 
| | | | | | | 
| Number of chias- | | | ae oe ee | 
|_mata.............../3 |3 |3 1/2 [0 |2 |2 |2 |0 |3 |0 |0 }1 | 
| l 4 
‘Length in mi- | | | | | | 
| CPONS.....0.0.0e00.. 6 155\5 |5 |5 [45/4 |4 1/413 |2 |2 | 1 | 














An analysis of variance of the difference in the number of X:ta/ 
micron between the two regions gives 0,01 > P> 0,001. 
From this it follows that in the arms which are 10 microns or more 


1 3L; 1k — long arm of chromosome pair No. 3; short arm of chromosome pair 
No. 1, and so forth. 
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Fig. 39. Diagram of the localization of chiasmata in five diplotene nuclei of Triturus 
vulgaris. The chiasmata are marked by »X>», the centromeres by »—». — 800 X. 
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in length, the number of chiasmata per micron is undoubtedly larger 
within the region distal end — 9 microns from it than from that point 
to the centromere. 

There are several possible explanations of these facts. Either this 
chiasma distribution is secondary and due to the terminalization, or else 
it is primary, and shows, more or less, the original chiasma distribution. 
In the latter case it may be due to marked interference round the centre 
mere or to the fact that the chromosomes are beginning to pair termin- 
ally and, for some reason, are unable to complete the pairing along 
their whole length. 

. That this localization of the chiasmata is partly due to the termin- 
alization seems indubitable; on the other hand, the diplotene pictures 
(Figs. 16—27 and 39) show that this explanation does not suffice to 
settle the whole problem. 

Thus, in the small chromosome pairs chiasmata are often found in 
a less terminal position, relatively speaking, than in the large pairs in 
the same nucleus, despite the fact that smali chromosomes show a 
higher degree of terminalization than the large ones (DARLINGTON, 1937, 
p. 509 ff.). 

A terminal localization of the chiasmata, one would think, might 
conceivably be due to interference round the centromere, though 
scarcely in such a high degree as here. No parallel cases have previously 
been reported. Moreover, if this supposition is correct, such inter- 
ference should be about equally strong on both sides of the centromere. 

An attempt has been made by the author to elucidate this matter 
by examining the chiasma distribution in chromosome pairs with one 
long and one short arm. In the existing material, the chromosome pairs 
best suited for the purpose are Nos. 5, 6, 7, and 8 in Triturus vulgaris, 
each of which has one arm longer, and the other shorter, than 10 
microns. The results of such an investigation are summarized in 
Table 8, where a comparison has been made between region I = the 
short arm and region Il[—the proximal segment of the long arm 
9 microns from the end to the centromere. 

An analysis of variance of the number of chiasmata per micron 
in the short arm, as compared with that in the proximal part of the 
long one, gives 0,01 > P > 0,001. 

The difference in chiasma frequency will be brought out still more 
clearly if the short — though relatively long — arms of the chromo- 
some pairs 5 and 6 are excluded, when P < 0,001. 

Thus, between the regions referred to in ‘Table 8, which are 
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TABLE 8. Triturus vulgaris. Chromosomes 5, 6,7, and 8. Chiasma 
frequency in different segments. 












































| | Region I | Region II 
| Number of chiasmata | Chromosome No. | a thckinbidiiials Bk, 
| | s | 7 | 6 Fee 
3 .. oo te . ee eee Pe en 
: Seva te ee 
ia hae iehiiucincabias EEreeeetr ene ee ees 
EELS, reese et eae ee See 
| Frequency Ciiscciaiibiniapee Ere e648 ie is | 5 
Length in microns ...... | 4 | 4 | 9 | 4 | 4 | 45 | 95 


practically of the same size, and situated at an equal distance from the 
centromere, on either side of it, there is a very considerable difference 
in chiasma frequency. 

From this we can draw two important conclusions: 

(1) The chiasma frequency is not a function of the distance from 
the centromere, whence the peculiar localization of the chiasmata in 
Protopterus, Urodela, and Anura cannot be due to interference round 
the centromere. 

(2) Pairing, with the formation of chiasmata, cannot proceed across 
the centromere. In other words, there is no positive correlation be- 
tween chiasmata on one side of the centromere and the other. 

On the other hand, a negative correlation does not account for the 
peculiar localization of the chiasmata: in that case it would be very 
strange if chiasmata were almost always formed in the short arm. The 
lack of correlation in this respect between the two arms of a chromo- 
some has previously been observed in Drosophila (MATHER, 1936), 
Fritillaria (BENNETT, 1938), and Uvularia (BARBER, 1941), whilst the 
reverse has been found in other species of Fritillaria (DARLINGTON, 1937; 
FRANKEL, 1940), as well as in Culex and Dicraniomya (PATAU, 1941). 

The true explanation of the terminal localization of the chiasmata 
must, instead, be the initiation of the pairing at the ends of the chro- 
mosomes and its interruption before it has advanced some distance 
towards the centromere. Such interruption of the pairing has been 
interpreted by DARLINGTON (1937) as being due to a »time limit»; that 
is to say, the pairing-is interrupted by the division of the chromosomes 
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at the beginning of diplotene. This division must begin at the centro- 
mere and proceed towards the ends (MATHER, 1936), This has been 
shown also by Boost and Lupwia (1939). The commencement of the 
division at the centromere has also been confirmed by the microscopical 
observations made by DARLINGTON (1937) in Fritillaria, where, how- 
ever, the pairing also begins at the centromere. This explains why, in 
these forms, pairing, and thus the formation of chiasmata, cannot. pro- 
ceed from the one arm of a chromosome across the ceniromere to the 
other arm (v. infra). 

If we compare these conditions with the previously known facts 
concerning other organisms, it will be found that they involve something 
new, though they can easily be interpreted in accordance with DAR- 
LINGTON’s (1937) theories of meiosis. Distal localization of chiasmata 
has previously been quite unknown, with the exception of the case 
reported by KLINGSTEDT (1936) from Chrysochraon dispar. He explains 
this localization in the same way as has been done here. It should be 
observed, however, that KLINGSTEDT investigated only the metaphases, 
whence it cannot be regarded as established that this localization is 
primary and not caused by terminalization in Chrysochraon. There 
are indications of a distal chiasma localization also in Tradescantia 
(PATAU, 1940). Nor does this case either seem to have been studied 
with sufficient thoroughness. DARLINGTON (1940 a), however, adduces 
both Chrysochraon and Tradescantia as typical examples of a distal 
chiasma localization — in my view, on rather unsubstantial grounds. 

The theory advanced here also covers the fact that such marked 
differences can occur .as those between the species dealt with here, 
despite similarity in regard to the points at which pairing and division 
are initiated. I explain them as being due partly to a difference in time 
limit, i.e. the time between the commencement of the pairing and of 
the division, partly to differences in the length of the chromosomes. 
The most primitive conditions in this respect (cf. DARLINGTON, 1937, 
p. 295) seem to exist in Protopterus, where the time limit is so wide that 
the pairing is practically completed, and the chiasma frequency is 
thus a function of the arm length. In Triturus cristatus we find a 
modification of this: the long arms, owing to their less mobility, find 
less time to pair during the evidently tightened time limit. This applies 
particularly to the longest arm, which is further impeded in its move- 
ments by the nucleolus attached to it (cf. Scheme 1 and Graphs II and 
III). These difficulties of the long arms are somewhat lightened by the 
localization of the points at which pairing and division are initiated: 
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the long arms, even if they begin to pair later than the short ones and if 
the division begins simultaneously in all the chromosomes, thus have 
time to develop as many or more chiasmata than the smaller arms, 
as in a long arm the division has a longer distance to travel from the 
centromere towards the distal end before it reaches the paired part, 
than in a short one. 

A further modification is found in Triturus vulgaris, where the 
differences in chiasma frequency between different arm lengths are still 
smaller, i. e. the time limit is still narrower (cf. Graphs IV and V). The 
difference in the degree of localization between Triturus cristatus and 
vulgaris has previously been pointed out by CALLAN (1942), but without 
figures or explanations. 

The time limit seems to be most restricted in Anura, where almost 
all the arms except the very smallest develop one chiasma (cf. Table 5). 
Such variation as is found in the long arms shows that in favourable 
positions they can begin their pairing relatively early, and then find 
time to develop two chiasmata, whilst in particularly unfavourable 
positions they remain unpaired. This applies especially if they carry 
nucleoli, as, for example, the second largest arm (the largest chromo- 
some) in Hyla (cf. Table 5 and Scheme 1). The same conditions as in 
Anura seem to exist in Emys (Table 5). 

Besides these time-limit differences, the interference seems to be 
greater in Anura than in Urodela. This is indicated by the marked 
difference in the slope of the curves for the chromosome length: chi- 
asma frequency between Urodela and Dipnoi, on the one hand, and 
Anura, on the other, even after cold treatment (p. 302). Cf. MATHER 
(1937, 1938 a). 

The theory regarding the localization of chiasmata is strongly 
supported by the results which the present writer and other investigators 
have obtained in temperature experiments. Temperature effects which 
conduce to impede the pairing or to increase the rapidity of division 
also tend to reduce the chiasma frequency and vice versa (v. p. 293). 

Another indication of the correctness of this view is given by the 
heterochromatic parts in Anura and Urodela — first discovered by 
CALLAN (1942) in Triturus and observed also by the present author —, 
which are unusually long and lie in the main centrically, that is, where 
chiasmata are seldom developed. Moreover, almost the whole proximal 
half of the nucleolus-carrying arm in Triturus cristatus is hetero- 
chromatic (cf. Table 5 and Scheme 1). These heterochromatic parts 
appear to have arisen in the same way as the heterochromatic sex chro- 
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mosomes and the heterochromatin in the chromosomes of Drosophila 
(MULLER, 1916; MATHER, 1936; DARLINGTON, 1937, p. 330; DARLINGTON 
and La Cour, 1940, 1942; CALLAN, 1942). Such heterochromatic seg- 
ments are still more marked in Anura. Though they have not been 
examined in detail, their distribution in Rana esculenta is indicated by 
Fig. 14. As will be seen, they lie in the main centrically. — In regard 
to the distribution of heterochromatic segments in different organisms 
in relation to the initiation of pairing and the localization of the chi- 
asmata, the reader is referred to CALLAN (1942, p. 334, Table 1). 

The conditions in Amphibia are particularly interesting, when com- 
pared with certain other well-studied organisms, e. g. Uvularia (BARBER, 
1941). In Uvularia the pairing is preproximal, according to BARBER 
owing to the position of the chromosomes in the last premeiotic mitosis. 
In the pairing, chromosomes with terminal centromeres have an ad- 
vantage over those with median centromeres, as the former must be 
more mobile. If the pairing is interrupted at an early stage, e.g. by 
high temperature (BARBER, op. cit.), this must result in proximally 
localized chiasmata. The distal parts of the chromosomes in Uvularia, 
however, apparently often pair before the intermediate parts. This too, 
according to BARBER, may be explained as a consequence of the 
localization in the nucleus, as, with the centromeres concentrated at the 
former telophase pole, the ends should be quite close to one another at 
the opposite pole. If the pairing is interrupted now, proximally and 
distally localized chiasmata will result. Normally, the pairing proceeds 
along the whole chromosome, whence the chiasma frequency will be a 
function of chromosome length. 

In some respects the conditions in Anura are the direct opposite, 
in other ways a parallel, to those found in Mecostethus by WHITE (1936). 
There, too, the number of chiasmata is without relation to the chro- 
mosome length, and each chromosome pair has one chiasma; in 
Mecostethus, however, it is situated close to the centromere, where the 
pairing evidently begins. The similarity between Anura and Mecostethus 
is thus the strong iocalization of the chiasmata, whilst the dissimilarity 
consists in their position. Fritillaria meleagris resembles Mecostethus 
in this regard (DARLINGTON, 1937). 

The localization of the chiasmata in Fritillaria (DARLINGTON, 1937), 
Mecostethus (WHITE, 1936), Uvularia (BARBER, 1941), as well as in 
Dipnoi, Urodela, Anura, Emys, and other forms — and thus to some 
extent the chiasma frequency —, thus depends mainly on a combination 
of the following factors: 
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(1) The point(s) where the pairing begins, the »contact point», 
DARLINGTON (1940 b). This point may be determined by the polarization 
(»bouquet»), as in the forms dealt with here, or by the position of the 
chromosomes in the last premeiotic mitosis, as in Uvularia, or by 
other factors. 

(2) The greater liberty of movement in the small chromosomes and 
the ends of large ones, and possible impediments in the form of nucleoli 
or the like. 

(3) The point(s) where the division begins. In the material hitherto 
examined, it seems to be proximal, but it is conceivable that deviations 
may occur. 

(4) The time limit, i. e. the time before the division commences in 
each chromosome segment at the beginning of diplotene. 


b. Abnormal chromosome numbers, 

A curious case has been observed in Pleurodeles (Fig. 18). A 
diplotene cell was found to have thirteen bivalents instead of the normal 
twelve. All of them had a normal appearance and the chiasma fre- 
quency was likewise quite normal. This abnormality seems to be due 
to non-disjunction in a previous division. It was apparently the fifth 
or sixth pair that was thus present in duplicate. The non-formation 
of multivalents is in all probability due to the low chiasma frequency 
(v. the following section). 


c. Triploids. 

The triploids examined by the author consist (1) of one specimen 
of Triturus vulgaris and (2) four specimens of Rana esculenta. The 
Triturus specimen is the same as that dealt with by BOOK (1940, 1945). 
B6O6K has kindly lent me the preparations and has allowed me to study 
his then unpublished results of his investigations of this triploid. Owing 
to the not quite satisfactory fixation (BOUIN-ALLEN), it was unfortunately 
found impossible to make a thorough study of the meiotic prophase in 
this specimen: the analysis was therefore to be confined to M". B6O6K, 
in the papers referred to, has also made a number of observations in 


regard to the second division of meiosis. — The Rana esculenta 
specimens are from Bornholm, Denmark. 
Triturus vulgaris. — As regards the frequency of the different con- 


figurations, it should be mentioned that the number of univalents in 
eleven out of twenty-three cells is less than might have been expected 
in view of the number of trivalents (BO6K, 1945). This has been ex- 




















DIPNOI, URODELA, ANURA, AND EMYS 289 





plained by BOOK as being due to the occurrence of homologous segments 
in non-homologous chromosomes, i. e. to intrahaploid pairing. Pairing 
between these segments, however, has not been observed in the diploid. 
This, however, may be accounted for by competition in pairing 
(MUNTZING, 1936; DARLINGTON, 1937). 

The chiasma frequency in Triturus vulgaris 3n and 2n is shown in 
Tables 9 and 10. [The figures for the triploid from B66K (1945); for 
the diploid the author’s own figures. ] 


TABLE 9. The chiasma frequency in triploid and diploid 
Triturus vulgaris. Metaphase. 












































- - 
Senter of Triploid (23 nuclei) | Diploid (20 nuclei) 
cbinemptn Univ. Biv. | Triv. | Tot. X:ta|| Biv. | Tot. X:ta 

ti 
| | 
0 122): a on -— — | _ 
1 --- 64 — | 64 23 23 
2 — 85 125 | 420 199 398 
3 _ = 11 on 18 54 
Total | = 149 m6) CU]. CST 240 475 

Total number of, | 

chromosomes...... | 122 298 | 408 828 | 480 480 

Number of chiasmata/nucleus ......... 22,5 | 23,8 | 

Number of!/2chiasmata/chromosome_ ~ 1,25 | 1,98 

Number of chiasmata/configuration 1,81 | 1,98 








TABLE 10. Comparison between triploid and diploid Triturus vulgaris 
in regard to number of chiasmata/configuration. 























; | 
Configurations with pan 
se. « | 2 X:ta | 3 X:ta | Total | 7 | 
| 
Diploid ......... 23 | 199 | 18 | 240 | 20 | 
Triploid ...... 64 210 11 285 | 23 
PORT ae | 409 | 29 | mw 


A 7° analysis of the number of chiasmata/configuration in the 
triploid compared with the diploid gives 7? = 7,80 (P = 0,02). 

An analysis of variance of the difference between the number of 
?/, X:ta/chromosome in the triploid and diploid gives P < 0,001. 

Hereditas XXXI, ' 19 
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Rana esculenta. — The chiasma frequency in 2n and 3n of this 
species is shown by Tables 11 and 12. (Cf. Figs. 34 and 38.) 


TABLE 11. The chiasma frequency in triploid and diploid 
Rana esculenta. Diplotene. 












































Melsitier 6? Triploid (8 nuclei) Diploid (20 nuclei) 
| chiasmata Univ. | Biv. | Triv. | Tot. X:ta Biv. Tot. X:ta 
| | | 
0 100 | — — — | — — 
| 1 ee _ 3 20 20 
2 — 94 6 200 237 474 
3 —- | = — | — | 3 9 

Total 10 | 97 | +6 | 203 | 260 503 
| 
| Total number of | | 
_chromosomes...... 100 | 194 18 312 || 260 | 520 
| Number of chiasmata/nucleus ......... 25,38 25,15 
| Number of'/2chiasmata/chromosome 1,30 1,93 
‘Number of chiasmata/configuration — 1,92 1,93 





TABLE 12. Comparison between triploid and diploid Rana esculenta 
in regard to number of chiasmata/configuration. 























AROS A Uniretete: CuieE Hee | 
| x | 2 X:ta | 3 X:ta Total | —e | 
| . | | nuclei 

| | 

| Diploid ......... 20 | 237 3 503 | 20 

| Triploid ...... 3 | 100 — 203 8 
bo ee 23 337 3 ae — 





2,04 (0,20 > P > 0,10). 


xR — 
tw 
I 


An analysis of variance of the difference in the number of 1, X:ta 
per chromosome between the diploid and the triploid gives P < 0,001. 

From Tables 9—12 it appears that the number of */, X:ta per chro- 
mosome is significantly different in the diploids and the triploids. The 
distribution of the chiasmata per configuration differs in the triploid 
and diploid as regards Triturus, but not in Rana. The following reasons 
may be adduced in explanation of these facts. 

Since in a triploid at zygotene a third of the set must remain un- 
paired, it follows that, with the same interference in the triploid and 
diploid, the number of chiasmata per nucleus must be the same in both. 
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From this it may be inferred that, as the number of chromosomes, but 
not of chiasmata, in the triploid has been increased by a third, the 
number of half-chiasmata per chromosome in the triploid must be two- 
thirds of that in the diploid. Furthermore, the number of configurations 
(bivalents + trivalents) in normal cases must be the same in the triploid 
and diploid, whence also the number of chiasmata per configuration 
must be the same. 

In Triturus, as shown above, the number of configurations in the 
triploid is larger than might have been expected, owing to the decrease 
in the number of univalents due to intrahaploid pairing. As the seg- 
ments which pair in this intrahaploid pairing must be comparatively 
short (evidently, they hardly ever pair in the diploid), the configurations 
produced by intrahaploid pairing should never have more than one 
chiasma. Thus the reduction in the number of chiasmata per con- 
figuration in the triploid of Triturus vulgaris must, in some measure, 
be attributed to intrahaploid pairing. This explanation, however, does 
not cover the whole decrease, as is evident from the fact that the number 
of chiasmata per cell is lower in the triploid than in the diploid. 

In Rana esculenta, where intrahaploid pairing does not occur, there 
is a very good correspondence between the triploid and the diploid as 
regards the number of chiasmata per configuration. 

The number of half-chiasmata per chromosome in both these 
‘ triploids corresponds fairly well with two-thirds of the number in 
the respective diploids (Triturus vulgaris 1,2:—1,32; Rana esculenta 
1,30—1,29). 

Now, how far do these observations correspond with those made 
in regard to other organisms? In the said respects, only 5 forms have 
been previously dealt with, namely Allium Schoenoprasum (LEVAN, 
1936), Fritillaria latifolia major (DARLINGTON, 1940b), Hyacinthus 
(STONE and MATHER, 1932), Tulipa (DARLINGTON and MATHER, 1932), 
and Solanum lycopersicum (UpcoTT, 1935). The conditions in these 
forms are shown in Table 13. 

In Allium, Fritillaria, Hyacinthus, and Tulipa, as will be seen, the 
chiasma frequency is practically the same in the diploid and triploid 
(or the triploid has higher values), whereas Solanum, Rana, and Triturus 
show a chiasma frequency in the triploid corresponding rather well with 
two-thirds of that in the diploid. 

In his study of triploid Fritillaria latifolia, DARLINGTON (1940 b) 
has modified and elaborated his earlier views (1937, p. 551) regarding 
the causes of these differences between diploids and triploids. He is 
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TABLE 13. Number of */, X:ta/chromosome in triploid forms, as com- 
pared with the closely related diploids. 



































| Species | 2n 3n 2/3 2n | 
, | 
| Allium BEMOPMOPIGBHIN «55 o5. 505505655005 5<-8epanssasieosees | 2,8 2,7 1,9 
Fritillaria latifolia major ..........+sssssesesse0eseee- | 2s 2s | 15 
PR ee ne ee eT | 2,7 | 2,6 | 1,8 
| MUR IITE aI So At a a aN io cnn a es ase al oe a, | 2,1 | 2,1 1,4 
| Solanum lycopersicum sociasdanticciidiiea heulae ani be 1p | tM .| 
| INU kits bnsstipansanconbacierncs bainecpheekcee | 1s | 105 | 1,32 | 
| WAPHIRIE ET TR TRUDE ooo Spore nies Sch ss a enesad ice eeancete | LS Fi 8 | 1,29 | 


now of the opinion that the high chiasma frequency in triploids, as 
compared with what we should have reason to expect in view of the 
conditions in diploids, seeing that the length of chromosome which, 
theoretically speaking, can pair and form chiasmata should be the same 
in both, must be due to the greater number of contact points in the 
triploid, which prevent the uncoiling of the intercalary segments and 
thus augment the coiling tension. 

This explanation of the differences between diploids and triploids 
is borne out by the author’s results. The narrow time limit and distal 
initiation of pairing which in the diploid give rise to the remarkably 
low chiasma frequency, relatively to the length of chromosome, in 
Triturus vulgaris and Rana esculenta entail the consequence that in the 
triploid trivalents are rare, especially so in Rana (Fig. 38, Tables 9 and 
11). Changes of partner therefore seldom occur, whence no increase 
in the number of */, chiasmata per chromosome, as compared with the 
theoretically expected two-thirds of that of the diploid, is found in these 
species. Another reason for this is that so many chromosomes in these 
species have median, or almost median, centromeres (cf. DARLINGTON, 
1940 b). 

A form which seems, to some extent, to be a parallel to the triploids 
of Triturus vulgaris and Rana esculenta, is Paris hexaphylla 3n, studied 
by HaGa (1937). This species corresponds most closely to Rana 
esculenta. Paris likewise has extremely few trivalents, evidently owing 
to the shortness of the paired region. However, the chiasmata in Paris 
are situated proximally, whilst in Rana, as shown above, they have a 
distal localization. 
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In this connection, however, some importance may be attached to 
the fact that the triploids of Solanum, Rana, and Triturus were the first 
triploid generation, whereas the Hyacinthus, Tulipa, and Fritillaria 
specimens are derived from ancient triploid clones. The great variation 
also between different diploid clones of Tulipa and Hyacinthus (Dar- 
LINGTON and MATHER, 1932; STONE and MATHER, 1932) indicates that 
genetic control of the chiasma frequency may play some part here. 
Scme of the differences between the diploids and triploids in these 
species may possibly be due to genetic variations between different 
clones. 


II. EXPERIMENTS. 
A. TEMPERATURE TESTS. 


a. The connection between chiasma frequency 
and temperature. 


Previous literature. 


It has long been known that the cell divisions and phenomena con- 
nected with them may be affected by various external and internal 
factors. That temperature plays an important part in this respect has 
long been pointed out by a large number of investigators (see HEILBORN, 
- 1930; Sax, 1935, 1937; OEHLKERS, 1935, 1936, for literature). 

Most of them have merely observed the effects of abnormally high . 
or low temperature and found them to consist in various disturbances 
of meiosis. Some of these disturbances must undoubtedly be attributed 
to defects in the spindle, etc., and may therefore be set aside here. 
Thorough investigations of the changes in chiasma frequency in com- 
plete temperature series have been made only by Waite (1934) and 
PoLiAKowaA (1940), both of whom find that the chiasma frequency is 
comparatively low at a temperature normal for the organism in question, 
but increases when the temperature is raised or lowered in a certain 
degree (v. Graphs VI and IX, from WalITE and PoLiAKkowA); and that, 
on a further rise or fall of the temperature towards the lethal points, 
the chiasma frequency is again reduced. — This last-mentioned reduc- 
tion, however, has not been observed in all the organisms investigated. 
It is missing at high temperatures in WHITE’s material, presumably 
because it does not occur until lethal temperatures have been reached. 
Nor has the increase in chiasma frequency on a rise of temperature 
been observed in Schistocerca. WHITE (1934, p. 209) hazards the ex- 
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planation that such an increase probably does not occur before the 
temperature has exceeded 45° centigrade (the highest temperature to 
which he had subjected Schistocerca). 

A corresponding curve results from PLOUGH’s (1917) finding that 
in Drosophila the crossing-over frequency depends on the temperature 
(Graph VII, after PLouGH). Here, too, the reduction in chiasma fre- 
quency at very high temperature is missing. The explanation seems 
to be that this part of the curve eludes observation, as at this tem- 
perature the flies have become sterile. 

Now, what are the factors primarily concerned in the variations of 
chiasma frequency on changes of temperature? BORGENSTAM (1922) 
is of the opinion that the primary effect of variations in temperature 
on the meiosis is to bring about changes of viscosity, and that these 
changes afterwards entail abnormities in the divisions. WHITE (1934) 
takes the same line, but deplores the absence of any investigation of 
the dependence of the plasma viscosity on the temperature. NAKAMURA 
(1936, p. 175) points out, however, that the curve published by HEIL- 
BRUNN (1928) on the connection between plasma viscosity and tem- 
perature, in view of its steep gradients for the rises in viscosity at ab- 
normally high or low temperatures, shows a certain connection with 
the abnormalities which these temperatures produce in the cell divisions. 
NAKAMURA (1936, p. 180) adds: ». . . such abnormal change of viscosity 
may be associated with the unbalance of the energies which control the 
mechanism of meiosis». Though POLIAKOwA (1940) is likewise of the 
opinion that the effect of variations in temperature on the meiosis is 
primarily due to changes of viscosity, she considers that the principal 
factor is the viscosity of the chromosomes themselves, a higher viscosity 
in them entailing a lower chiasma frequency and vice versa. She does 
not, however, adduce any evidence in support of this view, nor does 
she back it up by parallels with the results of other investigators. 

If, however, we compare the curve published by HEILBRUNN (1928), 
showing how, in the egg of Cumingia, the viscosity changes according 
to variations in temperature, with the curves published by WHITE 
(1934), Pottakowa (1940), and PLoveH (1917), showing the changes 
in chiasma or crossing-over frequency at different temperatures (see 
Graphs VI—IX), we shall be immediately struck by their correspond- 
ence. They distinctly indicate that the chiasma frequency is negatively 
correlated with the viscosity of the plasma, as this is shown by HEIL- 
BRUNN’s Figure. If a similar curve is applicable also to the viscosity 
in the plasma of Insecta and Allium, it is difficult to avoid the conclusion 
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that a negative correlation actually exists. On close examination of the 
curves, it will be found that the viscosity is rather high at the optimal 
temperature for the organism in question, the chiasma frequency being 
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Graph VI. Chiasma frequency in Allium at various temperatures. From POLIAKOWA 
(1940). 


consequently rather low. If the temperature is raised or lowered, the 
viscosity is reduced, with a consequent increase of the chiasma fre- 
quency, until, at the semilethal high or low temperatures, a sharp rise 
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Graph VII. Crossing-over frequency in Drosophila melanogaster at various 
temperatures. From PLouGH (1917). 


of the viscosity occurs, with a resulting reduction of the chiasma fre- 
quency. This part of the chiasma frequency curves at high temperature 
is, however, missing in PLOUGH’s and WHITE’s material (vide supra). 








296 TORSTEN WICKBOM 





In PoLiaKkowa’s study of Allium, however, this part of the curve is 
shown with great clearness. A similar reduction of the chiasma fre- 
quency is indicated also by e. g. HEILBORN’s (1930), SAx’s (1935, 1937), 
STRAUB’s (1936), MATSUURA’s (1937), and BARBER’s (1941) results. 
The only earlier investigation that cannot readily be fitted into this 
scheme is BRYDEN’s (1935) study on Rattus. However, as this in- 
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Graph VIII. The relation between temperature and viscosity of the plasma of the 
egg of Cumingia. From HEILBRUNN (1928). 


vestigator’s figures are too small to give statistically reliable material, 
and as the effect of external temperature on a mammal with a constant 
body temperature can scarcely be so marked as to influence the chi- 
asma frequency, his results need not be taken into account here. 
Whether OEHLKERS’s (1936) opinion that the chiasma frequency is 
more affected by sudden changes in temperature than by a constant 
low temperature can be reconciled with my own views, as set forth 
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Graph IX. Chiasma frequency at various temperatures. From WHITE (1934). 
a, Locusta migratoria; b, Schistocerca gregaria; c, Stenobothrus parallelus. 
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here, cannot be judged until the effect of such changes on viscosity, etc. 
has been investigated. 

An additional fact which argues strongly in favour of the view that 
changes of viscosity are the primary effect of temperature is SAKAMURA’s 
(1916) discovery that other factors which affect viscosity, such as 
chloral hydrate, influence the meiosis much in the same way as ab- 
normal temperatures. Cf. also SHIGENAGA (i937). 

Thus I consider it to be proved, or at any rate extremely probable, 
that the effect of temperature on chiasma frequency is not direct, but 
secondary to other factors, the most important of which, in all 
probability, are changes of viscosity. At least two alternatives are 
conceivable here. The determining factor is either the viscosity in the 
chromosomes themselves (their »rigidity») or else the viscosity of 
the plasma. 

Certain indications point distinctly to the correctness of the last- 
mentioned supposition. The first-mentioned alternative is at variance 
with the fact that, as WHITE (1934) has found, the small chromosomes 
are not affected by variations in temperature. BARBER (1941) likewise 
observed that the small chromosomes were less affected, in regard to 
chiasma frequency, by temperature changes. If the rigidity of the 
chromosomes themselves were the determining factor — an altered 
rigidity would entail altered relational coiling at pachytene, with a con- 
sequently altered interference — this should, of course, apply in equal 
degree to all chromosomes irrespective of their length. The view that 
the viscosity of the chromosomes is the principal factor is also at 
variance with OEHLKERS’s (1935) observations on Oenothera hybrids, 
where the same genome (flavens X Hookeri) reacts differently in the 
plasma of suaveolens and in that of Hookeri. It may further be 
mentioned that Straus (1936, p. 51) — though unfortunately in an 
unduly small material — was unable to detect any differences in the 
density of relational coiling in Campanula after different temperature 
tests. MATHER’s examination (1937, 1938 a) of the slope of the curve 
chiasma frequency : chromosome length in WHITE’s material shows 
clearly that the interference is scarcely affected by variations in tem- 
perature. 

The balance of probability is thus in favour of the second-mentioned 
alternative, namely that the dependence of the chiasma frequency on 
temperature is ultimately due to changes in the viscosity of the plasma. 
If this viscosity is increased, the chromosomes will. have greater resist- 
ance to overcome in their conjugation, and this resistance will be pro- 
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portional to their size. Conversely, a reduction in the viscosity of the 
plasma should give the chromosomes, particularly the larger ones, 
greater facilities for finding one another and pairing completely. This 
is in correspondence with WHITE’s (1934) and BARBER’s (1941) results. 

OEHLKERS’s above mentioned findings in Oenothera hybrids are 
easy to explain by different sensibility to temperature changes in the 
plasma of different species. 

It should be pointed out that, when the general contour of the 
curves for different organisms shows considerable similarity, it is quite 
justifiable to speak of a correspondence between them, even if the peaks 
and throughs lie at different temperatures. In the nature of things, 
organisms which normally live at a high temperature must have their 
optimum at a higher temperature than those which live at a lower one: 
the whole curve can thus be shifted in a corresponding direction. This 
in fact is strikingly shown by WHITE’s curves (Graph IX). Stenobothrus, 
which is a European form, has a low chiasma frequency at about 20° 
centigrade, whereas the tropical forms, Locusta migratoria and Schisto- 
cerca gregaria, have corresponding points on the curves at 30° or over. 
Drosophila’s crossing-over minimum lies at 20—25° centigrade, which 
corresponds with the optimal temperature of that fly (PLouGH, 1917). 
HEILBORN’s (1930) observations on different varieties of apples are in 
good conformity with this, as also STRAUB’s (1936) observation that 
Campanula persicifolia, which has its habitats in temperate climates, 
is much more sensitive to heat in this respect than the tropical species 
Rheo discolor. 

Own results. 

That the changes of the plasma viscosity with the temperature do 
not always suffice to explain the whole problem of the dependence of 
the chiasma frequency on temperature is, however, shown by my own 
investigations. They were made on Triturus cristatus and Bufo cala- 
mita. The animals were placed in glass jars with a wire-netting lid 
and containing an ample amount of moist moss, these jars were then 
placed in an incubator at + 26° or in a refrigerator at + 4° or + 6° 
centigrade. The temperature tests proceeded for 48 hours, whereupon 
the heat-treated animals were decapitated and their testes fixed. The 
jars with the cold-treated animals, on the other hand, were allowed to 
stand for two hours (in certain cases merely one) at room temperature, 
+ 16°, in order to permit the resumption of the division processes, 
whereupon the testes were treated in the usual manner. The results 
are shown in Table 14 and Graphs X—XII. 
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TABLE 14. Chiasma frequency, at different temperatures, in Triturus 
cristatus and Bufo calamita, and the relation between number of chi- 
asmata and length of chromosome or chromosome arm. 
Triturus cristatus. + 6° C. 


























elite Chromosome lengthin microns 
° Total 
we ie ae ee ae ae 
6 —- -—- | Fe Oe 1 — 1 1 — 3 
5 - - - -—- -— 1 3 3 3 3° — 13 
4 -— 1 3 5 3 5 3 3 3 1 5 32 
3 3 10 f 2 4 1 — 1 — 2 2 29 
2 4 3 o- -—- -—- -—- | Fe Cr Cr 7 
Frequency| 7 14 a ae 7 eae 7 7 84 
S(y) cy i ie 7 SR is "ess Ss WR 312 
y 2,43 2,86 3,43 3,71 3,43 4,00 4,71 4,29 4,71 4,43 3,71 3,7143 





Equation of ‘the regression line. Y — 0,5562x — 0,0122x” — 1,8722. Cf. Graph X. 



































Sesto ; Length of arm in microns mali 
ae 3 4 5 6 7 8 9 10 11 12 13 14 20 

3 —- — — — 1— 1-1 7 27 4— 23 
2 —— $910 @ 12513 4 46 3 4 98 
1 y aes Mee She | We 1 — 11— 8 47 
Preqeency| 7 7 7 213 4 71428 «= 7 4 7 7 168 
S(y) | 7 #7 10 31 61 26 14 29 49 15 34 18 11 312 

y | 1,00 1,00 1,43 1,48 1,74 1,86 2,00 2,07 2,33 2,14 2,43 2,57 1,57 1,8571 


Y — 0,3888x — 0,0146x? — 0,2553. Cf. Graph XI. 


Triturus cristatus. + 26° C. 
































Neher Chromosome length in microns eee 
vio we | a a oe or er a 
5 - -—- - -—- —- = 1 —- —- —- — 1 
4 — 1 1 — — 2 — 2 2—- — 8 
3 _- 5 3 2 3 3 4 4 2 5 3 34 
2 6 6 2 4 3 1 1 — 2 1 3 29 
Prequeacy| 6 22.6 6 6 6.6 t«6 6 6 6. IR 
S(y) $2681 7 84 1B a 28 0a TT 1S 197 
y 2,00 2,58 2,83 2,33 2,50 3,17 3,17 3,33 3,00 2,83 2,50 2,7361 





Y — 0,2711x — 0,0064x? + 0,1761. Cf. Graph X. 
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Number Length of arm in microns it 
ei aes oe eT 8 2 ww wa 
3 — Se eee eae rae 1 
2 — — 1 4 10 5 4 Ae Be 1G. 2 2 51 
1 G-6* Be Doe 2.8 oe as ee 92 
Frequency | O16 6:88) Se. he... 6 ie Se Ge 2. 36 6 144 
S(y) 66 TRAM HN BD eww 8 iw 
y 1,00 1,00 1,17 1,22 1,33 1,42 1,67 1,33 1,61 1,33 1,50 1,67 1,33 | 1,3681 
Y = 0,5783 + 0,1437x — 0,0058x”. Cf. Graph XI. 
Bufo calamita. + 4° C. 
Length of arm in microns 
po Total | 
7 ae 1 2 3 4 5 6 7 | 
2 — _- -- — 1 4 1 6 | 
1 19 50 40 10 39 46 9 213 
0 1 — — — — — — 1 
Frequency | i ae a a | 220 | 
S(y) = oe aie ee ee 225 | 
y 0,95 1,00 1,00 1,00 1,03 1,08 1,10 1,0227 
Y = 0,0209x: + 0,9420. Cf. Graph XII. 
Bufo calamita. -+ 26° C. 
Length of arm in microns | | 
Number | Total | 
— 1 2 3 So 6 7 | | 
| 
| 
1 11 32 27 7 28 35 7 147 | 
0 3 3 1 _ _ ae ie 3 
Frequency 14 35 28 7 28 35 fi 154 
S(y) 11 32 27 7 28 35 7 147 
y 0,79 0,91 0,94 1,00 1,00 1,00 1,00 0,9500 





The values are not satisfied either by a linear or by a quadratic equation. 
Cf. Graph XII. 


As the Table and Graphs show, the general effect of low tem- 
perature is to increase the chiasma frequency. It should be particularly 
noted, however, that in Triturus cristatus the smallest chromosomes and 
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arms are much less affected than the middle-sized elements. The very 
largest chromosome (and arm) deviates from the others, as also at 
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Graph X. Chiasma frequency of the chromosomes of Triturus cristatus at different 
temperatures. (Cf. Table 14.) 


normal temperature, owing to the additional onus of the nucleolus. 
In Bufo calamita — in contradistinction from the conditions at normal 
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Graph XI. Chiasma frequency of the chromosome arms of Triturus cristatus at 
different temperatures. (Cf. Table 14.) 


temperature — a direct proportion between arm length and chiasma 
frequency is observed at low temperature. 


Bufo calamtt2a 
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Graph XII. Chiasma frequency of the chromosome arms of Bufo calamita at 
different temperatures. (Cf. Table 14.) 


In these animals the general effect of high temperature is to reduce 
the chiasma frequency. As regards Triturus, the marked flattening-out 
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of the curve indicates that the chiasma frequency has been reduced to 
about 1,5 per arm. Here, too, the small chromosomes of this newt are 
scarcely affected by the temperature. In Bufo calamita, on the other 
hand, high temperature seems to have no perceptible effect on the large 
chromosomes, whereas it evidently tends to reduce the chiasma fre- 
quency in the small ones. 

In the material treated here, all the differences in chiasma fre- 
quency due to the temperature are statistically significant. An analysis 
of variation of the number of chiasmata in Triturus vulgaris at + 6°, 
+ 16° and + 26° centigrade gives P < 0,001; in Bufo calamita P < 0,001. 

These results may appear to conflict with the preceding statements 
regarding the connection between chiasma frequency and temperature. 
This applies particularly to the findings at ++ 26°, where, according to 
the previously cited results, we should have expected that the chiasma 
frequency, instead of a reduction, would have shown an increase. 

The explanation, I consider, must be sought especially in the effect 
of temperature on the physiological processes which take place during 
the chromosome division at the end of pachytene. It is scarcely prob- 
able that in these organisms the marked premortal increase of viscosity 
which HEILBRUNN (1928) found in Cumingia at 34° should set in at 26°, 
as Bufo and Triturus can stand considerably higher temperatures. It is 
in fact generally known that physiological processes are affected, in 
regard to rapidity, by temperature [see BELEHRADEK (1935) for the lit- 
erature]. It is thus plausible to suppose that the above-mentioned pro- 
cesses at the end of pachytene must likewise be dependent on tem- 
perature, i. e. that their rapidity increases with rising temperature. 

An indication of this is DARLINGTON and La Cour’s ( 1940) discovery 
that very low temperature impedes the gene division. As even at normal 
temperature the time limit for the completion of the pairing is rather 
restricted, the effect of a rise in temperature will depend on the follow- 
ing circumstances. If the reduction of viscosity is very marked relatively 
to the increase in the rapidity of division, the result should be an ex- 
tension of the time limit, with a resulting increase in chiasma frequency. 
If, on the other hand, the division is accelerated by the temperature in 
a greater degree than the pairing, the time limit will be narrowed and 
the chiasma frequency will be correspondingly reduced. 

It is this latter process that apparently takes place in Amphibians. 
A similar view seems to be taken by STRAuB (1936, p. 51): »Es liegt 
nahe, anzunehmen, dass jene Kraft, die in der Normalprophase die 
beiden Partner trennt, in anormalen Prophasen friiher einsetzt». 
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STRAUB also shows that the degree of terminalization is increased by 
low temperature and reduced by high temperature, probably because 
the latter tends to accelerate the cell division, so that the chromosomes 
do not find time for the terminalization of their chiasmata (cf. Dar- 
LINGTON, 1937, p. 512). Similar results are obtained by the present 
writer. 

MATSUURA (1937) is likewise of the opinion that the meiosis is 
accelerated by heat. Another indication pointing in the same direction 
is HUSKINS and NEWCOMBE’s (1941) finding that high temperature tends 
to diminish coiling: this is perhaps because the division of the cell 
proceeds so rapidly that the chromosomes do not find time for complete 
spiralization. 

That such a restriction of the time limit should actually entail the 
results just mentioned seems rather probable on a comparison between 
BARBER’s (1941) results and mine. In BARBER’s experiments the tem- 
perature was so high that an increase in viscosity must have occurred. 
This is indicated by the fact that the small chromosomes had a higher 
chiasma frequency than the large ones. — Owing to their greater 
mobility, they are not affected so much as the large ones by the resist- 
ance of the plasma to their movements. — In my own material, on the 
other hand, an equalization sets in at 26°, so that in Triturus almost all 
the chromosomes find time to pair along a stretch sufficiently long for 
the development of one or at most two chiasmata. At normal or lowered 
temperature, on the other hand, the pairing can continue, so that in the 
chromosomes which have the requisite length additional chiasmata are 
developed. 

Some importance must be attached also to the place at which 
pairing is initiated. In Uvularia (BARBER, 1941) it is usually pre- 
proximal, in Anura and Urodela predistal. For this reason, the long 
arms in these Amphibians, despite greater mechanical resistance, should 
have time to pair to about the same extent as the small ones, before the 
division beginning at the centromere (DARLINGTON, 1937; MATHER, 
1937, 1938 a) reaches the paired parts, even if the division after a rise 
of temperature sets in earlier. In Uvularia the pairing usually begins 
at the centromere, whence the large chromosomes — which are more 
impeded than the small ones by the plasma viscosity which has been 
increased by the great rise in temperature — find time to pair merely 
for a short distance, or not at all, whereas the small ones, being more 
mobile, show a higher chiasma frequency. 

In Bufo we find the same conditions. as in Triturus, though, owing 
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to the normally lower chiasma frequency and smaller size of chromo- 
some, still more accentuated. Here the short arms often do not find 
time to pair at all before division, whereas in the longer ones the 
chiasma frequency is reduced to 1 per arm at 26°. 

It is thus evident that the effect of variations in temperature on the 
chiasma frequency is of a very complex nature, affecting it in at least 
two different ways. Firstly, they change the viscosity of the plasma, 
and thus also the rate of motion of the chromosomes. Secondly, they 
influence the speed of the reactions which bring about the division of the 
chromosomes at the end of pachytene and interrupt the pairing. 
Generally speaking, the more important of these twofold effects is the 
change of the plasma viscosity. As found by PoLtakowa (1940) and 
WHITE (1934), such changes in response to varying temperatures, as a 
rule, produce a chiasma frequency curve of M-shape. According to 
physiological and chemical laws, the speed of the division should be 
proportional to the degree of temperature (BELEHRADEK, 1935).. The 
interplay between these two factors as well as the position of the points 
where the pairing and the division have been initiated determine the 
time limit for pairing and development of chiasmata. 

Certain other factors may possibly be involved, such as the fact 
that the volume of the nuclei changes with the temperature in accord- 
ance with a U-shaped curve (HARTMANN, 1919). HARTMANN’s values 
for these changes are rather large. Thus the nuclear volume in Pisum 
at 8,5° and 37° centigrade is more than three times as large as at 31°. 
This must obviously affect the time available for the chromosome 
pairing. : 

MATHER (1938b) points out that in Drosophila the effect of 
variations in temperature on the chiasma frequency must be attributed 
particularly to the heterochromatin. This, however, does not conflict 
with the views set forth here. The heterochromatin often shows a 
spiralization, etc. divergent from that of the euchromatin, and it is thus 
reasonable to suppose that the time limit for division may be correlated to 
the degree of spiralization, i.e. the time limit of the heterochromatin 
may be different from that of the euchromatin, being apparently more 
restricted in Drosophila. 

It is by no means my intention to assert that the problem as to 
the effect of temperature on the chiasma frequency has thus been 
definitively solved. In the preceding paragraphs, however, I have 
endeavoured to show that light can be thrown on certain of these 
problems on the basis of DARLINGTON’s theories regarding the zygotene 
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pairing and the time limit, as well as of the known facts concerning 
the effect of temperature changes on various _—— conditions 
in other organisms. 


b. Terminalization of the chiasmata. 

In addition to what has been stated in the preceding section in 
regard to the effect of temperature variations on the frequency and dis- 
tribution of the chiasmata, a number of other observations have been 
made regarding the effect of different temperatures on Triturus 
and Bufo. 

The degree of terminalization seems to diminish as the temperature 
rises (Table 15). 


TABLE 15. Terminalization coefficients at different temperatures. 
Triturus cristatus. Diplotene. 






































| 6° C 16°C 6°°C 
0,35, 0,28 0,20 
0,36 0,19 0,12 
0,22 0,15 0,17 
0,36 0,24 0,14 
0,29 0,09 0,16 
0,39 0,16 0,13 
0,33 0,16 | — 
| _— 0,19 | — | 
| — 0,15 aoe 
| _— 0,26 | _ 
Mean = | _ 0,33 | O,19 | 0,15 
=| 7nuclei| 10 nuclei | 6 nuclei 





An analysis of variation gives P < 0,001, whence the differences in 
the terminalization coefficients at different temperatures are statistically 
significant. 

The explanation seems to lie in the effect of temperature on the 
meiosis, which is accelerated by heat (MATSUURA, 1937), but retarded by 
cold (BARBER, 1941; DARLINGTON and La Cour, 1940). For this reason, 
high temperature does not give the chromosomes time for the 
terminalization of their chiasmata, whereas low temperature permits 
it to continue: this is explicable on the basis of DARLINGTON’s electro- 
static theory (DARLINGTON, 1937). Similar results, though on too small 
a material to admit of reliable conclusions, have been obtained by 


StrRAvuB (1936). 























DIPNOI, URODELA, ANURA, AND EMYS 





ce. Spiralization. 

Similar conditions seem to exist as regards spiralization. At high 
temperature it is lower, at low temperature stronger (Fig. 14) than in 
corresponding stages at normal temperature. The reason is apparently 
the same as that noted above in regard to terminalization. For further 
particulars see DARLINGTON and La Cour (1942). 


d. Inactivation of the spindle and inhibition 
of division. 

Low temperature also tends to inactivate the spindle, thus giving 
rise to polyploidy (BARBER, 1939; FANKHAUSER and GRIFFITHS, 1939; 
GRIFFITHS, 1940, 1941; BOGK, 1941, 1943, 1945; CALLAN, 1942). It may 
also prevent the chromosome division. In this way, bridges and frag- 
ments may be produced in the mitotic anaphase owing to the fact that 
the centromeres are struggling in opposite directions, whereas the distal 
parts of the chromosomes, which an earlier cold chock has prevented 
from dividing, still hang together (DARLINGTON and LA Cour, 1940). 
Corresponding pictures have been observed also by the author (Plate III, 
Fig. 2; Fig. 45). As regards the bearing of these phenomena on the 
time for the division of the chromosomes, see p. 316. 


e. Heterochromatin. 

; New light has been thrown on the problems connected with the 

heterochromatin by the recent experiments with nucleic acid starvation 
that have been made especially by the JOHN INNEs school (DARLINGTON 
and La Cour, 1940; CALLAN, 1942). A detailed analysis of the hetero- 
chromatic segments in- various Triturus species has been made by 
CALLAN (1942). According to him, the heterochromatin in these forms 
is located chiefly round the centromeres. I have obtained similar results 
by cold treatment of Triturus vulgaris and cristatus according to 
CALLAN’s method. I therefore confine myself to mentioning that both 
species have centric heterochromatic segments, and that the entire 
proximal third part of the longest arm in the largest chromosome of 
Triturus cristatus is heterochromatic. In endeavouring to discover the 
factors involved in the localization of the heterochromatin, these ob- 
servations are of some interest (v. infra). 

Similar results can be obtained by starvation. Males of Triturus 
vulgaris, having been kept without food from the middle of May to the 
middle of July — which they could stand without difficulty —, showed 
distinct. heterochromatic segments in consequence of nucleic acid 
starvation (Fig. 42). 
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Fig. 40. The same as Plate III, Fig. 7. Camera lucida drawing. (5000 XX). — 
Fig. 41. Mitotic spiral of Protopterus annectens. — Fig. 42. Meiotic chromosomes 
of Triturus vulgaris showing nucleic acid starvation. — Fig. 43. The same as 
Plate III, Fig. 8. Camera lucida drawing. (5000 X). — Fig. 44. The same as 
Plate III, Fig. 9. Camera lucida drawing. (5000 X). — Fig. 45. Mitotic chromo- 
somes of Triturus vulgaris after cold treatment. The chromatids hang together at 
the distal ends. — Fig. 46. Two Ml! chromosomes of Rana arvalis treated with 
0,1 % KOH, 5 minutes. Despiralization of the major spiral. N. B. the changes in 
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Corresponding conditions in this respect are found also in Anura. 
In the latter forms, however, an analysis of the heterochromatic seg- 
ments is greatly complicated by the double spiral during meiosis, which 
conceals them at diakinesis and metaphase. Nevertheless, in Bufo 
calamita and viridis as well as in Rana esculenta I have managed to 
obtain a few rather good mitosis pictures, which show that in this group, 
too, the heterochromatic segments are proximally located (Fig. 14). 

This localization of the heterochromatic segments may be explained 
as resulting from the position of the chiasmata in these forms. Ex- 
perience has shown that those parts of the chromosomes which are 
seldom or never subjected to crossing-over are often heterochromatic 
(MULLER, 1916; DARLINGTON, 1937, p. 330; CALLAN, 1942). True that, 
as CALLAN also observes, chiasmata are sometimes formed in the hetero- 
chromatic segments of Triturus cristatus, but this is a very rare 
occurrence. The origin of the more distal heterochromatic segments 
which not infrequently occur in the Triturus species (CALLAN, op. cit. ) 
cannot be explained in this way. I am inclined to believe that they have 
been forméd in connection with secondary chromosome modifications 
as segmental interchanges, etc., whereby originally centric hetero- 
chromatic segments have in part been shifted further distally. Analyses 
of several species and especially local races and hybrids of Triturus may 
perhaps serve to throw light on this question. 


B. COLCHICINE TESTS AND THE QUESTION OF POLYPLOIDY IN URODELA 
AND ANURA. 

Some preliminary tests with colchicine have been made on Triturus 
cristatus. They have so far been merely intended to determine the 
suitable dosage, etc. for future larger series. However, some interesting 
facts, which seem to deserve mention, have already been elucidated by 
these experiments. 

The newts, which were in the most active period of spermatogenesis 
(middle of July), were twice injected subcutaneously with 1 cc 0,50 % 
colchicine solution, with an interval of one day. On the day after the 
last injection they were decapitated and the testes were prepared in 
accordance with the method adopted in this study. In the preparations, 
only meiotic stages were investigated. At zygotene and pachytene the 





direction of the spiral. — Fig. 47. 5 chromosomes from mitotic metaphase of Amby- 
stoma mexicana treated with 0,1 % KOH, 5 minutes. Strong relational coiling be- 
tween chromatids. The position of the chromatid ends indicates that end rotation 
causes relational coiling in this case. 
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effects of the drug are already quite perceptible, in that the polarization, 
which otherwise is characteristic of these stages (p. 262), has completely 
disappeared. Since the visible number of chromosome units is the 
haploid number, the chromosomes at these stages being paired, I have 
interpreted this as an effect of the colchicine on the centrosome. This 
matter is discussed in the chapter on »the bouquet». At later stages the 
effects of the colchicine are the usual ones (cf. LEVAN, 1938, 1939). The 
spindle is not developed, the bivalents lie scattered in the nucleus at a 
considerable distance from one another, much as in diakinesis. The 
chiasmata are terminalized in increasing degree, whilst the spiralization 
gradually increases and becomes much more marked than normally. 
This must probably be viewed in connection with the fact that the cell 
division is stopped by the disturbance of the spindle mechanism, so that 
the spiralization of the prophase is not interrupted. — According to 
OSTERGREN (1944), however, colchicine contracts the protein fibre of 
the chromosome, i.e. the contraction observed should be a direct 
function of the drug. — The degree of terminalization of the chiasmata 
is also increased (Plate III, Figs. 3 and 4). As regards spiralization, the 
conditions resemble those obtained in mitosis by colchicine treatment 
(BARBER and CALLAN, 1942, according to DARLINGTON and LA Covr, 
1942). 

Similar results have been obtained by treatment with acenaphthene 
(SWANSON, 1941) and by freezing (BARBER and CALLAN, op. cit.; BOOK, 
1945). In regard to terminalization of the chiasmata and meiotic 
spiralization, the results with colchicine resemble those entailed by the 
action of low temperature. 

The chromosomes gradually separate from one another without 
cell division, and diploid restitution nuclei are formed (Plate III, Fig. 3), 
which afterwards pass through the second division. The iatter may 
also be affected in a corresponding manner. Thus, owing to the effect 
of the colchicine, spermatozoa with 2n or 4n chromosomes — depending 
on whether only one division or both of them have been affected by 
the drug —, are produced. Thus colchicine treatment is undoubtedly 
an effective method for producing polyploid spermatozoa in Triturus. 
Whether these spermatozoa can generate polyploid offspring is another 
question. In that case such offspring (if the egg is haploid) would be 
triploid or pentaploid. 

As to this question, two different possibilities must be taken into 
consideration. Firstly, these polyploid spermatozoa may be incapable 
of fertilization; secondly, it is conceivable that any polyploid embryos 
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which may have been formed are not viable. In regard to the first of 
these contingencies, we still know nothing; as regards the second, on 
the other hand, we have some basis for a judgment. A number of 
triploid Amphibians, found in nature or experimentally produced, are 
actually known. Higher polyploids have also been occasionally ob- 
served (Table 16). 

From the above it is evident that there is nothing to prevent a tri- 
ploid, tetraploid or even a pentaploid or hexaploid from being viable. 
It has long been recognized that polyploidy in animals is a rarity and 
mainly confined to parthenogenetic or hermaphrodite forms (ef. 
VANDEL, 1937; SUOMALAINEN, 1940). This has been explained in 
accordance with MULLER’s (1925) theory, based mainly on the con- 
ditions in Drosophila, that the sex chromosomes in bisexual animals 
cause intersexuality in the polyploids. This theory has met with rather 
wide acceptance. The criticism levelled against it by certain authors, 
such as WESTERGAARD (1940) and Live (1944), however, points out 
that polyploidy need not cause intersexuality if the sex determining 
genes are situated as in Melandrium. Even if Anura and Urodela had 
a sex-determining mechanism of the Melandrium type there are, how- 
ever, reasons speaking against polyploidy as a factor in the evolution 
of species and races in the Amphibians: 

(1) Though, as already indicated, triploids may occasionally occur, 
they can scarcely give rise to balanced polyploid offspring. 

(2) Allotetraploids occur extremely seldom in animals (SuOMA- 
LAINEN, 1940); at any rate they have not been found in Anura or 
Urodela. The explanation seems to lie partly in the pairing instincts of 
most animals, which render crossings very rare, partly in the conditions 
of growth, etc. in animals as compared with plants; the latter having 
greater opportunities for somatic doubling with resulting tetraploid 
shoots, which can then develop diploid gametes (cf. HuxLEy, 1942, 
pp. 43, 45, 87, 140 ff.). Moreover, artificial insemination leads to hybrid 
offspring only in extremely rare cases (G. HERTWIG, 1918; TcHoU Su, 
1931; P. HERTWIG, 1936; DURKEN, 1938); the reason being that the 
sperm nucleus in the foreign egg plasma degenerates. Instead, the thus 
activated egg nucleus is often diploidized, whence such crossing 
results in normal diploids, resembling the mother species in every 
respect. G. and P. HErTwIG’s (1920) experiments with Rana esculenta 
show that the duplication of chromosomes involved in the diploidization 
is due to a special capacity for adaptation in the haploid. Diploid eggs, 
after fertilization with sperm foreign to the species, apparently do not 
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TABLE 16. Polyploidy in Anura and Urodela. 
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Rana esculenta ... 
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tilization with. sperm from 
another species produced 2n- 
larvae; after fertilization with 
R. e. sperm 3n-larvae, both 
types resembling the mother. 
Probably non-reduction in 9. 
larva with the chromosome 
number 39. Untreated. Pro- 
bably non-reduction in Q. 
Another larva with the chro- 
mosome number 36.  Pro- 
bably the same origin as the 
preceding specimen, but with 
the chromosome number mo- 
dified »... de la suppression 
traumatique de quelque chro- 
mosomes dans une figure de 
maturalion du type diploide 
.. » (DALCQ, 1930). 


ral population in the island 
of Bornholm. 


found. Probably originated in 
the same way as the prece- 
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Degree 
Species Bo Origin | Author 
ploidy | 
Triturus _ virides- Larvae from natural popula- | FANKHAUSER(1938 
CORR Se eisatsen| OU tions and after cold shock.| a, b, 1939 a, b); 
GRIFFITHS (1941) 
Triturus _ virides- One larva from natural popu- | FANKHAUSER(1941 
1 See ee eee lames) 11 lation. a, b) 
Triturus vulgaris; 3n | Adult male from natural popu-| BOOK (1940, 1945) 
| lation. 
» » | 3n |Larvae developed after cold | BOOK (1943, 1945) 
| shock. 





double their chromosome number, but continue their development with 
the normal diploid number of chromosomes. 

In Urodela the possibilities of crossings of species are evidently 
somewhat larger [see LANTz (1934) for literature] but by no means as 
large as among some plants. Without hybridization, allopolyploidy is 
impossible; thus one more avenue open to the vegetable kingdom for 
the development of species and races by polyploidy is practically closed 
to Anura and Urodela. 

(3) Another circumstance which further restricts the capacity of 
polyploids for playing any part in the development of species in these 
forms is that polyploids, unlike plants, do not show any greater size 
and vitality than the corresponding diploids, whence they have no 
greater capacity for asserting themselves in competition with the latter: 
rather the contrary (FANKHAUSER, 1941 a, b). This is doubtless con- 
nected with the essentially different process of growth in most animals, 
on the one hand, and plants, on the other. A polyploid animal has 
therefore no advantage over a diploid. — It is a curious fact that the 
polyploid cells in Urodela are considerably larger than the diploid 
(FANKHAUSER, 1941 b; BOOK, 1940, 1945), although the organism as a 
whole is not larger. I have made a similar observation in Rana esculenta. 

It is thus evident that, despite the rather frequent occurrence of 
spontaneously developed polyploids [about 1 per cent. in Triturus 
viridescens, 10 per cent. in Eurycea, according to FANKHAUSER and 
GRIFFITHS (1939)] and the ease with which polyploids can be experi- 
mentally produced in Amphibians, polyploidy can scarcely play any 
part in the development of species and races within. Anurans. and 
Urodelians. The study of natural or experimentally produced poly- 
ploids can nevertheless give us a good insight into a number of hitherto 
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obscure questions. In particular, it should be possible in this way to 
cast new light on certain problems relating to the determination of sex 
(cf. Ch. III). The colchicine tests on Urodela will accordingly be 
continued with that object in view. 


C. CHROMOSOME STRUCTURE. 


a. Number of threads, ete. 


Though this investigation was not originally intended to include 
a study of the finer chromosome morphology. and chromosome structure, 
the author, in the course of the work, has been confronted with 
problems, to the solution of which he believes himself able to contribute. 

An animated discussion has long been carried on in regard to the 
exact phase in which the longitudinal division of the mitotic chromo- 
some into chromatids occurs and in regard to the number of threads 
(»chromonemata» ) of the chromosomes at various stages. For reasons 
of space, I cannot enter into any detailed survey of the literature on the 
subject. Good summaries of it will, however, be found in DARLINGTON 
(1937), GEITLER (1938), KuwaApDA (1939), and NEBEL (1939). 

The different views may be briefly summed up as follows: 

(1) The metaphase chromosome at mitosis consists of two single 
chromatids. The anaphase chromosome at mitosis consists of one single 
thread. The division takes place during the resting stage (DARLINGTON, 
1937). 

(2) The metaphase chromosome at mitosis consists of two bipartite 
chromatids. The anaphase chromosome at mitosis consists of two 
threads. The division takes place at metaphase (HuskINs, 1937), or 
during the resting stage (GEITLER, 1938; CREIGHTON, 1938). 

(3) The metaphase chromosome at mitosis consists of two quadri- 
partite chromatids. The anaphase chromosome at mitosis consists of 
four threads. The division takes place during the resting stage (NEBEL, 
1939; Kuwapba, 1939). 

The advocates of these various theories base their views mainly on 
microscopical investigations. 

Experiments with x-ray radiation have also been made and dragged 
into this discussion; their results, however, are not sufficiently con- 
vincing. DARLINGTON (1937) attaches great importance to MATHER and 
STONE’s (1933) and RILEY’s (1936) x-ray experiments; but later in- 
vestigations by NEBEL (1939), though they do not actually confute 
DARLINGTON’s opinion, can scarcely be interpreted as supporting it. 
GEITLER (1940) denies the value of x-ray experiments in this connection, 
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but recent investigations by NEWCOMBE (1942) greatly support Dar- 
LINGTON’s views. 

Nor has the electron microscope hitherto revealed anything new in 
regard to these problems (ELVERS, 1943). 

DARLINGTON (1937), in support of his view, points out that the 
structures in question are so fine that they lie at, or close to, the limit 
of the resolving power of the microscope. Experiments made by HRUBY 
(1934) with infra-red light show that, if the size of the structure under 
examination stands in a certain relation to the wave length of the light 
used, pictures which appear to reflect doubleness in the structure are 
produced, although such doubleness does not actually exist. 

However, in recent years Japanese and other investigators (e.g. 
KuwabDa, 1938; AIsIMA, 1940, COLEMAN, 1940) have published pictures, 
obtained by pre-treatment of the material with media of higher pH 
than that usual in the division stages, with the object of uncoiling the 
chromosome spirals and thus obtaining facilities for studying their 
morphology. In these pictures, doubleness in the anaphase chromosomes 
and cloven chromatids in the mitotic metaphase is distinctly observed. 
AISIMA (op. cit.) definitely states that such structures are not seen in 
untreated material. 

I have made similar observations as regards the large mitotic chro- 
mosomes in Ambystoma, Triturus, and Protopterus. In untreated 
material there is not the slightest indication of doubleness in the 
structure of prophase and metaphase chromatids, even where the 
spirals have been straightened out by mechanical means (Figs. 40 and 
41; Plate III, Fig. 7). -This is in accordance with WapDa’s (1933) results 
by mechanical stretching of the chromosome spirals. In material pre- 
treated with KOH, NaHCO; or NH,OH, however, these duplications 
are brought out clearly (Figs. 43 and 44; Plate III, Figs. 8 and 9). As 
shown by the pictures, the two threads here lie so far apart from one 
another (ca. 1,5 microns) that the doubleness cannot have been pro- 
duced in the manner suggested by Hrusy (1934). 

There are two possible explanations of the differences between the 
treated and untreated material. Either these double chromatids re- 
present the natural condition, which the alkali treatment brings out 
distinctly enough to enable it to be observed; or else this doubleness 
is produced by the alkali treatment itself. 

Now, what is the evidence in support of the one or the other of 
these two alternatives? Certain investigators who have not resorted 
to alkali treatment (e.g. DEARING, 1934; JEFFREY, 1937, etc.) maintain 
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that they have observed the said doubleness in the mitotic chromo- 
somes. Their pictures, however, are not sufficiently clear to carry 
conviction. Indeed, DARLINGTON’s view that the supposed »doubleness» 
must be attributed to the inadequate resolving power of the lenses 
employed to seems to be applicable in such cases. I have never seen 
microphotographs which clearly show such a doubleness without a 
preceding alkali treatment. Other investigators, too, who have dealt 
with these problems and have been in a position to compare pre- 
parations of the same nature with and without alkali treatment 
definitely state that the doubleness is observable only in material thus 
treated (AISIMA, 1940). 

However, in my cold-treated material I have observed pictures 
which may contribute to the settlement of these questions. As previously 
shown (DARLINGTON and LA Cour, 1940; CALLAN, 1942, WicKBoM, 
present paper, p. 307), cold treatment tends to prevent the division of 
the chromosomes. Bridges and fragments are frequently observed in 
mitoses after such treatment (Plate III, Fig. 2). Moreover, it may 
conduce to inactivate the spindle (v. Ch. II Ad), so as to impede the 
mitosis itself. Thus I have observed that in material from Rana esculenta 
fixed two hours after treatment for 48 hours at 4° centigrade, there 
are no stages later than metaphase. In material fixed immediately 
after such cold treatment there are no mitotic stages at all. It is thus 
evident that the mitosis is prevented by cold. 

In the prophase and metaphase of material fixed two hours after 
cold treatment, I have observed that the chromatids still cohere, 
especially at the distal parts (Plate III, Fig. 2; Fig. 45). In my view, 
the only possible explanation is that these chromosomes, owing to the 
cold treatment, have been prevented from dividing completely. This 
division must have occurred during the treatment, that is, in the 
preceding resting stage. — It is scarcely within the bounds of possibility 
that the nuclei during the two hours after the treatment should have 
completed their mitosis and started a new one, especially as in this 
material no later stages than metaphase had been observed. The same 
remark applies to material taken one hour after the treatment, although 
not even metaphases occur there. 

Thus, I consider it proved that the chromatids observed at prophase 
and metaphase have been separated from one another by the longitud- 
inal division of their mother chromosome in the immediately preceding 
resting stage. This is in complete accordance with DARLINGTON’s 


(1937) view. 
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The doubleness which the author and others have observed in 
alkali-treated material must thus have resulted from the said treatment. 
Now, it has long been known that alkali conduce to uncoil the chro- 
mosome spirals, and it is precisely owing to such effect of high pH that 
this treatment is adopted. In regard to spiralization, the chromosomes 
are thus, so to speak, carried back through the prophase to a resting 
stage. KUWADA and NAKAMURA (1934) as also WapDA (1937) have in 
fact succeeded in artificially producing a complete resting stage by 
alkaline treatment. The mechanism of this phenomenon is, generally 
speaking, unknown, but it is significant that YAMAHA’s (1935, 1938) 
measurements of the pH in the nucleus show that it is highest during 
the resting stage and lowest at metaphase and anaphase. I| therefore con- 
sider that alkali treatment, owing to its high pH, brings about changes in 
the cell and chromosomes which are normal in the resting stage, whence 
the same phenomena occur as during a normal resting stage, namely 
uncoiling of the spirals and the division of the chromosome into 
chromatids. 


b. The bouquet. 


The bouquet stage, as we know, signifies that during the meiotic 
prophase, especially at zygotene and pachytene, the chromosomes are 
polarized so that one or both ends of all of them are concentrated to- 
wards a point at the periphery of the nucleus, whilst the remaining 
parts of the chromosomes are freely distributed in the nucleus in the 
form of long loops. It is also significant that, as pointed out by 
DARLINGTON (1937, p.. 90), the ends-are polarized whether the centro- 
meres are situated there or not. DARLINGTON does not attempt to ex- 
plain this polarization. He merely supposes (op. cit., p. 91) that it should 
‘be regarded as an adaptation in order to secure regular pairing. 

Certain attempts to explain this polarization have, however, been 
made by other authors. According to RABL (1885), it is a relic after the 
chromosome arrangement in the preceding telophase. It seems to me, 
however, that his explanation which has been supported by ATwooD 
(1937), Wu (1938), and-Hrraoka (1941) does not completely cover the 
said phenomenon. Firstly, in my opinion, it does not explain why all 
ends have polarized whether the centromere is situated there or not 
(cf. DARLINGTON, 1937, p. 91). Secondly, this theory does not explain 
why the polarization is abolished in  colchicine-treated material 
(v. Ch. IIB). This might be due to inhibition of the preceding division. 
However, the size of the nuclei as compared with the normal as well as 
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an approximative count of the number of chromosomes in these nuclei 
show that the number of elements is the haploid number, whence the 
preceding division must have been normal. This explanation is thus 
unsatisfactory. 

On the other hand, the polarization has been explained as an effect 
of the centrosome. In the cases examined (GELEI, 1921; DARLINGTON, 
1936), the centrosome seems in fact to be situated at the base of the 
bouquet. The objection to this explanation is that centrosomes have not 
been discovered in higher plants where polarization has been found 
(Kiara, 1927; BELAR, 1929; HrraoKa, 1941). However, we do not yet 
know whether the absence of centrosomes in the said material is real 
or merely apparent, possibly owing to their minuteness. This theory 
regarding the dependence of polarization of the centrosome, which has 
been espoused especially by GELEI (1921), is strongly borne out by my 
own observations in colchicine-treated Triturus material. There, as 
previously stated, the polarization has been abolished in all the phases 
of meiosis. As we know, colchicine inactivates the spindle and as the 
centrosome is closely connected with the development of the spindle in 
the more primitive plants and all animals, it seems reasonable to suppose 
that the non-polarization in colchicine-treated material is connected 
with a colchicine effect on the centrosome. How the action of the 
centrosome on the chromosome ends normally proceeds, and how this 
effect is neutralized by the colchicine, I am unable at present to explain. 
Generally speaking, we are in the dark regarding the forces which 
operate during cell division, and theoretical speculation, which must 
obviously be based on very loose grounds, will not conduce to extend 


our knowledge. 


ec Spiralization. 


In regard to the spiralization of the chromosomes, certain 
preliminary observations, which deserve mention, have been made. In 
Chapter II C a it has been shown that the division of the chromosomes 
into chromatids normally occurs in the resting stage, but under the 
action of KOH can be produced in other stages. The pictures obtained 
by such treatment (Fig. 43; Plate III, Fig. 8) show that the plane of 
division was screw-shaped, so that the daughter chromatids from the 
moment of »birth» are relational coiled. This is in conformity with 
DARLINGTON’s (1937) view regarding the origin of relational coiling. 

Another type of relational coiling has also been found in material 
treated with KOH. In metaphases thus treated, the chromosomes often 
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still lie in a typical metaphase orientation. However, they are longer 
and thinner than normally, and the spiralization seems less compact. 
Moreover, the chromatids are markedly relational coiled. This relational 
coiling is densest at the ends of the chromosomes and must have been 
produced by the rotation of the chromosome ends round one another, 
during the uncoiling of the minor spirals. The occurrence of such 
rotation is in fact distinctly indicated by the position of the chromatid 
ends in some of the pictures (Fig. 47; Plate I, Fig. 4). These ob- 
servations conduce to bear out DARLINGTON’s (1937) theories regarding 
torsion as spiralizing factor in the chromosomes. However, this de- 
spiralization with KOH is so far abnormal in that the minor spiral has 
not been uncoiled, as in the normal telophase-resting stage, by increase 
of amplitude and transition to a relic spiral (DARLINGTON, 1937), but by 
end rotation and transition to a relational spiral. This may be due to 
the differences between the single chromosome threads at telophase and 
the two cohering chromatids (each of which may possibly itself be 
divided), after KOH treatment, at metaphase. 

In untreated material the minor spiral at mitotic metaphase has 
also been observed. Earlier observations of this nature are extremely 
rare, as the spiral is usually so dense that the chromatid looks like a 
compact cylinder. In attempts to unloosen this compact coil with alkali, 
other, above indicated, changes in the chromatid, which reduce the 
value of such observations of the spiralization, often occur. In un- 
treated material the minor spiral during mitosis has been observed by 
GEITLER (1935) in Allium and Gasteria and by Upcott (1936) in Tulipa. 
Mention should also be made of WapDa’s (1933) admirable micrurgic 
study of Tradescantia, where the chromosome was drawn out with 
micro-dissecting needles, so that the spiral could be made accessible for 
observation. 

My own observations have been on similar lines. In squash pre- 
parations it occasionally happens that a chromosome which is exposed 
to pressure during the preparation cannot float away in one direction or 
another, as one of its ends or both have chanced to get anchored. In 
Fig. 40 and Plate III, Fig. 7 we see that one end of an Ambystoma 
chromosome at mitotic metaphase has got caught in a grain of yolk, 
so that the centromere and three chromatid arms are fastened there, 
whilst the fourth, which has stuck also at the other end, has been drawn 
out into a long thread, in which a number of right hand spiral gyri can 
easily be observed under the microscope. In the microscopic picture the 
thread is undoubtedly single. 
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A similar case is shown in Fig. 41 (Protopterus). Here the centric 
parts of the two chromatids are drawn out, so that their right hand 
minor spirals can be clearly observed. The undivided centromere is 
also distinctly visible as a bridge between the two chromatids. Here, 
too, the chromatids seem to be single under the microscope. 

As previously pointed out (Ch. I B, on meiosis), it could be shown 
that the major spiral is lacking in Dipnoi and Urodela. On the other 
hand, it occurs in Anura and Emys. During the second meiotic division 
it could be despiralized with KOH and was found to be formed of 
chromatids of the usual mitotic thickness (Fig. 46). Moreover, as will 
be observed, changes in the direction of spiralization occur in the major 
spiral (cf. MATSUURA, 1941; SPARROW and Witson, 1941). 

These phenomena will be subjected to further investigation, in the 
hope that they may contribute to the solution of the problems relating 
to the mechanism of chromosome spiralization. At the present stage, 
therefore, I will not enter into a discussion of these preliminary ob- 
servations. Good summaries of the literature on this subject will be 
found in KuwapDa 1939 and Matsuura (1941). 


III. THE SEX CHROMOSOMES IN DIPNOI, URODELA, ANURA, 
AND EMYS. 


Setting aside some antiquated literature (see OGUMA and MAKINO, 
1937), where it is asserted that in the Amphibians the males have XO, 
there are now two rather widespread views regarding the sex-chro- 
mosome conditions in that group of vertebrates. As regards the sex 
chromosomes in the Dipnoi, all that is hitherto known is that AGAR 
(1911, 1912) has not found anything which indicates the occurrence 
of heterochromosomes in the male of Lepidosiren paradoza. 

According to the earlier of these two views, which is represented by 
WirscHr (1922, 1923, 1924, 1929, 1933), IniKr (1928, 1929, 1930, 
1932 a, b), MiNoucHI and Irriki (1931), MAKINO (1932 a, b), Sato (1934, 
1936 b, 1939), and BUSHNELL et al. (1939), the male in Anura, during 
the first division of meiosis, has a chromosome pair which, in view of 
its appearance and behaviour, has induced the said investigators to 
regard it as a pair of sex chromosomes. According to WITSCHI, it is 
an XY pair, whereas IRIKI believes it to be an XX pair. Whilst MAKINO 
considers himself unable to decide which of the two alternatives is 
correct, SATO endorses IRIKI’s opinion. 

The other view is represented principally by GALGANO (1933), who 
states that the males of the species of Anura and Urodela examined by 
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him have no sex chromosomes detectable under the microscope. 
STOHLER (1928) and Saez et al. (1936) report the same observation in 
four Bufonids. This view has been sharply criticized by WITSCHI 
(1933), who maintains that heterochromosomes are morphologically 
distinguishable during the meiosis in Bufo vulgaris and other Bufo 
species. He even considers that these heterochromosomes can be 
homologized with the sex chromosomes he believes himself to have 
found in Rana temporaria. Sato also states (1936 b, p. 960) in regard 
to the sex chromosome of Bufo radderi: »And also this chromosome is 
evidently homologous with that found in several Japanese and 
American toads». 

There are, moreover, some statements (KING, 1912; PARMENTER, 
1919; CARRICK, 1934) to the effect that the sex chromosome or chro- 
mosomes in Urodela are attached to an autosome. This view has been 
criticized by Ir1k1 (1932 c), SATO (1939) and others, and must be con- 
sidered to have no foundation. Otherwise all the investigators who 
have studied: the chromosomes in Urodela are agreed that in the males 
of the species examined, there are no morphologically or behaviourly 
recognizable sex chromosomes (see OGUMA and MAKINO, 1937, for 
literature). 

Now, what are the observations which form the basis of the two 
conflicting views regarding the existence of sex chromosomes in Anura? 
' Those authors who maintain the occurrence of sex chromosomes in the 
male during meiosis have observed a chromosome pair which in the 
first meiotic division is unlike the others in form and behaviour. It is 
described by IrtK1 (1932 a, p. 67) as follows: ». . . a large V-chromo- 
some lying always vertically in the periphery of the equatorial plate 
and taking the form of a vertical V, while the other large chromosomes 
show always a form of vertical or tangential ring. This vertical V- 
chromosome is composed of two atelomitic homologous diads». Similar 
observations, broadly speaking, have been made by all the above- 
mentioned authors who support IRIKI’s or WITSCHI’s view. WITSCHI 
also maintains (1922) that the members of this pair separate before the 
other chromosomes. 

According to GALGANO (1933), the appearance of this chromosome 
pair cannot have anything to do with its supposed sex-chromosome 
character, seeing that in certain cells two, three or more such pairs 
occur. Furthermore he shows that, when only one such pair is found, 
it is not always the same pair in different nuclei of the same species or 
the same individual. These views are endorsed by SAEz et al; (1936). 

Hereditas XXXI. 21 
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In his latest study of this question SATO cites the said investigators but 
adds (1939, p. 65): »But the existense of »the odd» chromosome among 
anurans seems to suggest something of the phylogenetical evolution of 
the sex-chromosomes in the amphibians». He thinks it probable that 
recognizable sex chromosomes are lacking in Discoglossidae, but that 
they exist in the higher Anurans. 

Also in regard to the existence of sex chromosomes in Reptilia, 
there has previously been a great divergence of opinion. Now, how- 
ever, thanks to the many excellent studies published by MATTHEY, 
NAKAMURA, and OGuMA (see OGUMA and MAKINO, 1937), it may be 
regarded as established that in the males of examined species there is 
no chromosome pair which gives us reason to suspect the occurrence 
of heterochromosomes during meiosis or mitosis. OGUMA (1937) has 
also shown that female heterogamety of the XO type, a feature which 
has long been known to exist in birds, occurs also in reptiles. 

Own results. — In the male of Emys I have not found any hetero- 
chromosomes, whence I can merely confirm the views above cited. As 
regards Anura, Urodela, and Dipnoi, I have in several cases, especially 
in the Anurans, observed »the odd chromosome», but I share GALGANO’s 
opinion that its form and behaviour has nothing to do with its supposed 
sex-chromosome character. Here we are simply concerned with a chro- 
mosome pair with submedian or subterminal centromeres, whose shorter 
arms do not always develop chiasmata, and which during the first 
division of meiosis, usually is held together only at the longer arm. 
This accords with GALGANO’s view (1941, p. 161): ». . . una commune 
tetrade con un solo chiasma terminale». GALGANO, however, does not 
explain why one of the arms fails to develop chiasmata, whence his 
evidence is not complete. The absence of pairing in one arm might, 
of course, be regarded as a distinct indication of an XY pair. But, as 
shown by my curves and tables for the relation between chiasma fre- 
quency and chromosome or arm length (v. Ch. I B), none of the chro- 
mosomes in the males of any species have an arm which deviates more 
markedly from the others than may be due to mere chance — except 
possibly in Triturus cristatus and Hyla arborea, where, however, the 
low pairing frequency can easily be explained in another way (pp. 285— 
286). That it cannot be due to heteromorphism is indicated by the 
occasional formation of more than one chiasma in these arms (see 
Table 5). 

Thus no cases of failure of pairing owing to heteromorphism be- 
tween’ the members of a chromosome pair have been found in any 
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species of Anura. As previously shown, the fact that arms are some- 
times unpaired is due to a restricted time limit, with a consequent low 
chiasma frequency in these forms. No heteropycnosis which might be 
attributed to sex chromosomes has ever been observed in the meiotic 
prophase. Nor have cold experiments shown the occurrence of hetero- 
morphism in any pair as regards heterochromatic parts. CALLAN (1942), 
indeed, states that he had found in one plate of Triturus a chromosome 
pair which was heteromorphous in regard to a constriction: this ob- 
servation, however, is obviously not of general validity. 

A large number of embryos of Triturus cristatus, T. vulgaris, Bufo 
vulgaris, Discoglossus pictus, Rana arvalis, and R. temporaria have 
been examined by the present writer, and much labour has been 
bestowed on ascertaining whether any heteromorphous chromosome 
pair occurred in any of these embryos. Not in a single case could such 
a pair be discovered. In the ovaries of Triturus cristatus, T. vulgaris, 
Bufo vulgaris, Rana arvalis, and R. temporaria a number of oé6gonium 
divisions were also examined. In all of them I found regular chro- 
mosome pairs, without any indication of heteromorphism. 

Accordingly I consider it proved that in Anura and Urodela nothing 
has been brought to light which even suggests the occurrence of 
morphologically or behaviourly recognizable heterochromosomes in 
either sex. WITSCHI’s (1933) attempt to homologize the »sex chro- 
‘“mosomes» of the Ranids and Bufonids thus, of course, falls to the 
ground. The same applies to SATO’s (1936a) view regarding the 
homology of these chromosomes in different Bufonids. In Dipnoi I have 
thoroughly analysed the meiosis and mitosis of the male only, and I 
must therefore confine myself to stating that recognizable sex chro- 
mosomes do not exist in the male. 

Anura and Urodela deviate in this respect from Amniota and 
correspond, instead, to Teleostei, where the same conditions have been 
found (MAKINO, 1939; WicKBom, 1941, 1943). Thus, in all forms of 
Anamania hitherto examined the sex chromosomes, if they exist at all, 
seem to be so undeveloped that they cannot be distinguished, in shape 
or behaviour, from the autosomes. 

Witscu1 (1923, 1929) found that in Rana temporaria, after the 
fertilization of eggs from a hermaphrodite with sperm from a male of 
Davos race, males and females were produced, whereas after the fertili- 
zation of eggs from a female of Davos race with sperm from the 
hermaphrodite only females were generated; he therefore considers 
that Rana temporaria has a heterochromosome mechanism of the 
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Drosophila type. CREW (1921) likewise considered, for genetical 
reasons, that the male of Rana was heterogametic. This, however, 
seems to conflict with the fact that parthenogenetic specimens of Rana 
may be of either sex, although the females appear to be in the majority 
(LOEB, 1918; GOLDSCHMIDT, 1920; PARMENTER, 1920, 1925; KAWAMURA, 
1939 a, b). 

The genetic facts just mentioned and the polyploidy conditions in 
Anura (p. 311) by no means conflict with my conclusion, which has 
been arrived at on cytological grounds. On the contrary, the facts that 
parthenogenetic Ranids may be of either sex and that triploidy does not 
adversely affect the males of Rana esculenta, although genetic experi- 
ments point to the male heterogamety, conduce to bear out my view. 
Such conditions would be very difficult to explain if these forms had 
sex chromosomes so well developed that they could be distinguished 
under the microscope by their morphology or behaviour. 

As regards Urodela the conditions are rather different. Many tri- 
ploids are known (Table 16) and they are of both sexes although the 
male is quite normal (B6&K, 1940, 1945), whereas the ovaries of the 
females are small and undeveloped (FANKHAUSER, 1938b, 1940): for 
the above indicated reasons, this would suggest female heterogamety. 
Many experimentally produced haploids are known (see GRIFFITHS, 
1941, for literature), but as a rule they have not been sufficiently devel- 
oped to enable us to obtain a reliable sex quota. Thus, if the conditions 
in the triploids of Urodela may be interpreted on the analogy of those 
in Drosophila, this would be a clear indication of female heterogamety. 
My cytological results, however, show that in this case the morphological 
difference between the members of this heterochromosome pair must be 
very small indeed, since it could not be detected with the methods 
adopted here. . It is. at any rate absolutely certain that the same con- 
ditions as in some Sauropsida with XO in the female do not exist in 
Urodela. 

Anura and Urodela may thus be said to correspond as regards the 
fact that heterochromosomes in either sex are not recognizable under 
the microscope, but differ in so far as genetic and other observations 
point to female heterogamety in Urodela, whereas in Anura nothing 
definite can be stated as to which sex is heterogametic. 


IV, PHYLOGENY. 


The cytological conditions in the Anura, Urodela, and Dipnoi 
examined, seem to me to point to a certain phylogenetic relationship 
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TABLE 17. Occurrence within different groups of certain cytological 
features. 








Other 


Feature Dipnoi | Urodela |} Anura | Chelonia Reptilia 





Chromosome length at mito- | 
| tic metaphase in microns} 5—30 7—30 3—19 | 0,5—7 | 0,—10 


n=. seceececeeeeee | 17—191 | 12—321 | 11-191 | 25—32 | 11—25 

Type of spindle... ........ | Hollow | Hollow | Dense | Dense | Dense 
Minor | | Minor 

Meiotic spirals ..................]| Minor | Minor and and ? 


Teeeeeeeins coefficient 

in M! eaeue 0,58 = 0,65 > 0,88 > 0,88 ? 
| Corr elation between. chiasma 
| frequency and length of 




















chromosomes .................. | Positive | Positive —? — 

Initiation of pairing............ Preter- | Preter- | Preter- | Preter- 
minal minal minal minal 

Localization of heterochro- 

matic segments ............... ? Proximal|Proximal ? ? 
Sex chromosomes............... ? Cytologically not |XO—XX/| XO— 

discernible 

Set differentiated into macro- | 

and micro-chromosomes..| — — +? | — + 








between those groups. Cytology as an auxiliary to embryology and 
comparative anatomy, when it comes to the unravelling of such re- 
mote relationships, is, however, a rather untried science. Judgments 
based thereon should therefore be passed with the greatest caution. In 
the majority of cases we should content ourselves with examining 
how far cytology can confirm phylogenetic findings substantiated or 
rendered probable in other and better explored ways. Where some 
reasons weigh in favour of a certain view and others against it, we may 
perhaps venture to lay the cytological findings in the balance, though 
this, too, must be done with great discrimination. 

Cytological peculiarities common to the said groups of vertebrates 
are the following (cf. Table 17): 

(1) General chromosome morphology. The chromosome are large 
and, with few exceptions (Cryptobranchoidea, v. Ch. I A), distinctly 
two-armed. 


1 Cf. p. 258. —? + = evident, +-+++ = very evident, — = feature missing in 
that group. 








326 TORSTEN WICKBOM 





(2) Chromosome number. It varies considerably between these 
groups and even within them, but, as shown in Chapter I A, the differ- 
ent chromosome numbers in Urodela and Anura may be ordered into 
evolutionary lines. ; 

(3) Pre-terminal initiation of pairing and rather restricted time 
limit (Ch. IB), and in consequence of this, distal localization of the 
chiasmata in all species except Protopterus, where the time limit seems 
to be somewhat wider. This is a primitive feature, from which the 
conditions in the other species may have been derived (cf. p. 285 and 
DARLINGTON, 1937, p. 295). These forms are also marked by an ur- 
usually low chiasma frequency relatively to the chromosome length and 
by proximal heterochromatic segments; features which are undoubtedly 
connected with the facts just mentioned. 

(4) Very similar reaction in chromosomes, spindle, etc., to tem- 
perature effects (Ch. II A). 

(5) Lack of cytologically recognizable sex chromosomes (Ch. III). 

This, however, is a feature which these forms have in common with 
other Anamnia investigated (WIcKBoM, 1941, 1943), though they diverge 
in this respect from Amniota (see OGUMA and MAKINO, 1937, for 
literature). 
Even if we are thus justified in maintaining that the cytology of 
these forms strongly bears out the view as to their phylogenetic con- 
nection, there are also cytological findings suggestive of their grouping 
into smaller divisions. With respect to the morphology of the chro- 
mosomes, the material falls naturally into two groups, the one com- 
prising the Dipnoi and Urodela, the other Anura. 

(1) The first distinction between these groups is the size of chro- 
mosome. The first-mentioned group has immensely large chromo- 
somes, being indeed among the largest known, while those of the second 
group, the Anurans, at the same stage are considerably smaller 
(Scheme 1). 

(2) Moreover, the Dipnoi and Urodela, unlike Anura (Figs. 1—15), 
usually have a so-called hollow spindle (DARLINGTON, 1937). 

(3) Another difference, which at first sight may not seem of much 
consequence, but which may give certain phylogenetically important 
suggestions, is that the chromosome lengths in Urodela and Dipnoi 
form a steadily falling curve, whereas for all the Anura examined there 
is a steep step approximately in the middle of the curve, possibly in- 
dicating an incipient division of the set into a group of large chromo- 
somes and a group of small ones (v. Ch. I A). 
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(4) Also in regard to meiosis there are marked differences. With 
the exception of the family Discoglossidae (v. infra), Anura have 
throughout both major and minor spirals, whereas all the Urodela and 
Dipnoi examined have only the minor spiral developed. 

It,is true that some investigators (GALGANO, 1933; SATO, 1939 and, 
to judge by published pictures, also JANSSENS et WILLEMS, 1909, and 
CHAMPY, 1923) have found a mitotic appearance (= minor spirals 
only) in the chromosomes during the first division of meiosis, and a 
higher chiasma frequency than is normal in the Anurans among mem- 
bers of the family Discoglossidae, which taxonomically is one of the 
most primitive Anurans. (Cf. p. 263 ff.) It should be noted, however, 
that Xenopus, which, together with Pipidae, forms the second division 
of Opistocoela, corresponds in this respect with the other Anurans. It 
cannot therefore be taken for granted that the said feature in Disco- 
glossidae is to be regarded as primary, thus bearing out SATo’s (1939) 
view regarding a close phylogenetic connection between Anura and 
Urodela. 

Considerable interest has been excited by SWINGLE’s (1925) dis- 
covery that in Rana catesbiana the first meiosis in the larvae is marked 
by long slender bivalents »of Urodelian type» (SaTo, 1939). IRIKI 
(1932 cc), SaEz et al. (1936), and Sato (1939), in accordance with 
HAECKEL’s biogenetic rule, conclude from SWINGLE’s discovery that 
Anura have developed from Urodela. But, even if we accept the 
occurrence of this type of bivalents in the larvae of Rana catesbiana 
and in the Discoglossidae as a proof that the Anurans are derived from 
ancestors with single spirals during meiosis, it does not follow that those 
ancestors must necessarily have been Urodelians. On the contrary, this 
would serve to bear out the view maintained here that Anura, Urodela, 
and Dipnoi have common ancestors, probably with only a single spiral 
in the meiotic chromosomes. These ancestors are presumably to be 
looked for among the Crossopterygii (DOLLO, 1896; JARVIK, 1942). 

(5) There are also differences in the chiasma frequency. Anura in 
the. larger chromosomes have a lower number of chiasmata, in the 
smaller ones a higher number than the corresponding chromosome 
sizes in Urodela and Dipnoi (Table 5). In the last-mentioned groups 
the chromosome length and chiasma frequency has been shown to be 
more closely correlated than in Anura, where — except in the shortest 
arms — the number of chiasmata is about one per arm (Table 5). 

Thus in these respects: chromosome size, meiotic spiralization, 








328 TORSTEN WICKBOM 





chiasma frequency, type of spindle, etc., the correspondence between 
the Urodelians and the Dipnoi is complete, whereas the Anurans show 
deviations. Also in regard to sex determination there appear to be 
certain differences between Anura and Urodela (Ch. III).-- 

It thus seems to me evident that the distribution of the said features 
among Dipnoi, Urodela, and Anura indicates a closer. relationship be- 
tween Urodela and Dipnoi than between Anura and either of the other 
two groups. 

From the viewpoint of comparative anatomy, the opinions ex- 
pressed here seem to be well warranted. The phylogeny of the more 
primitive tetrapods has been studied in recent years by a number of, 
chiefly Swedish, investigators (WINTREBERT, 1922; HOLMGREN, 1933, 
1939; SAVE-SODERBERG, 1933, 1934, 1935, 1936; HERRE, 1935, and 
JARVIK, 1942). SAvE-SODERBERG in particular (1933, pp. 114—118; 
1934, pp. 5—6) has stressed the close relationship between the most 
primitive tetrapods, the Dipnoi and the Crossopterygii, thus confirming 
the views first advanced by DOLLO (1896), notably that these groups 
may be derived from common ancestors, probably the primitive 
Crossopterygii. 

That the tetrapod group afterwards shows diverging lines of evol- 
ulion and that the usual lumping together of Anura and Urodela to 
»Amphibia» is not phylogenetically warranted has also been pointed out 
by several of the said investigators, who have arrived at this conclusion 
by different lines: SAVE-SGDERBERG (1933, 1934, 1935, 1936) bases it 
on a study of the dermal bones in the skull (1935, p. 201: » Amphibia is 
a polyphyletic group and can not be regarded as a systematic unit» ); 
HOLMGREN (1933, 1939) on the skeleton of the extremities;. JARVIK 
(1942) on the skeletal components in the snout; HERRE (1935) and 
WINTREBERT (1922) on the different parts of the skeleton. In regard 
to the closer relationship between these different groups, however, there 
is a divergence of opinion. HOLMGREN considers that Anura, via the . 
Stegocephalii, may be derived from certain Crossopterygii, whereas 
Urodela show a closer relationship with Dipnoi. This view is endorsed 
by SAVE-SODERBERG and WINTREBERT and, as regards the connection 
of the Dipnoi with the Urodelians, also by HERRE. SAVE-SODERBERG 
(1933, p. 168) states: »1. The Anura clearly belong to the group 
Batrachomorpha_ (Ichtyostegalia—Labyrinthodontia—P hyllospondyli). 
Their ancestors must have been very closely related to the Laby- 
rinthodontia or actually belonging to that group» ... and »3. The 
Urodeles fall definitely outside the evolutionary line, represented by the 
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Batrachomorpha (Ichtyostegalia—Labyrinthodontia—P hyllospondyli— 
Anura), and seem to be closely related to the Dipnoi». He further states 
(loc. cit.): »In recent Urodeles there are differences from the conditions 
in Labyrinthodontia and Anura.. . and striking similarities to Dipnoans 
(and partly also to Coelancanthids)>». 

Also WATSON derives Anura from Labyrinthodontia (1940, p. 229): 
»The order Phyllospondyli arose from the embolomerous Labyrinth- 
odontia at an early period and its family Miobatrachidae gave origin to 
the Anura». He considers the derivation of the Urodeles to be more 
obscure. 

JARVIK, on the other hand, has arrived at the conclusion (1942, 
p. 395) that: ». . . Porolepiformes* and Urodeles are closely related 
forms and that the Urodeles are derived from Porolepiformes’* or at 
least from ancestors very closely akin to them». He adds (p. 551): 
». . . The Osteolepiformes* are very closely related to the Anura 
and ... the Osteolepiformes* include or at any event are very near to 
the ancestors of the Anura», and (p. 648): »The snout in Dipnoi is 
greatly modified and differs considerably from that in other forms». 
As regards the differences between the Dipnoans and the Coelacan- 
thidae *, however, JARVIK adds (p. 620): »It may be emphasized, how- 
ever, that most of the differences are certainly due to the secondary 
modifications in the Dipnoans in correlation with the transformation of 
the dentition into tritoral plates . . .». 

The cytological facts set forth in this paper are thus in correspond- 
ence with the results obtained by methods of comparative anatomy, 
which is a clear indication that the cytological similarities and dis- 
similarities found between the different groups in this material have 
a real phylogenetic conclusiveness. The cytological conditions corres- 
pond well with the view that Anura, Urodela, and Dipnoi belong to 
different branches of the same large vertebrate stock. They also agree 
well with the above cited view that Anura nevertheless deviate from the 
two other groups. In such circumstances it is perhaps not too bold to 
consider that the surprisingly great cytological resemblances between 
the Dipnoans and the Urodeles have conclusive force in endeavour to 
determine the relationship between these groups. In my opinion, they 
strongly bear out the view advanced by HOLMGREN (1933, 1939), SAVE- 


4 Jarvik (op. cit., p. 641) groups Crossopterygii as follows: Crossopterygii. 
I. Rhipidistia. A. Porolepiformes. B. Osteolepiformes. II. Actinistia. 
A. Coelacanthiformes. 
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SODERBERG (1933, 1934, 1936) and others that the Dipnoans are closely 
related to. the Urodeles. 

This view conflicts, in some measure, with that of JARVIK (1942). 
The cytological facts set forth here, however, are so strongly in favour 
of HOLMGREN’s and SAVE-SODERBERG’s views that the latter: must be 
considered to be well-grounded. It is thus interesting to find that 
cytology can evidently be used for comparisons between different 
organisms from a phylogenetic point of view, even when those organisms 
are so remotely related as the vertebrates dealt with here. 

The Osteolepiformes—Anura line of development includes, accord- 
ing to JARVIK, also the Stegocephals and thus also reptiles (HOLMGREN, 
1933, 1939; SAVE-SGDERBERG, 1934). The investigation reported here is 
not intended for the present to comprise Amniota, but, in order to 
ascertain whether the cytological peculiarities found in the more 
primitive Tetrapods also occur in the more developed forms, a study 
of Emys has also been made. I have deliberately: selected a turtle, as 
Chelonia are apparently the now living form of reptile which most 
closely corresponds to the Stegocephals (VALLEN, 1942). As previously 
shown (see OGUMA and MAKINO, 1937, for literature), the chromosome 
number in these reptiles is considerably higher than in Anura, being 
2n = 50—64, but most of the chromosomes are rod-shaped. In other 
respects, however, the correspondence is rather good (see Table 17), 
although Chelonia appear to have a well-developed sex chromosome 
mechanism (OGUMA, 1937).. That Emys shows marked cytological 
resemblances to Anura is incontestable. 

I have not yet had an opportunity to study the other reptile groups, 
but published pictures (RISLEY, 1936; NAKAMURA, 1935; se OGUMA 
and MAKINO, 1937, for other literature) indicate that the correspondence 
is not as good as in Emys. Thus the major spiral is missing in many 
forms, which has given IRIKI occasion for the following remark (1932 c, 
p. 103): »The discovery of horizontal V’s of multiple rings in the first 
division of Urodela throws a new light on the phylogenetical relation to 
reptiles and mammals». NAKAMURA takes the same line (1935, p. 365): 
»From the phylogenetical point of view the ancestral reptiles are closely 
related to Urodeles». The resemblance between the chromosomes of 
reptiles and Urodeles, so far as I can see from published pictures, is 
very superficial and is confined to the absence of the major spiral in 
certain individual cases. At any rate, in my opinion the occurrence or 
absence of the major spiral alone is not such a fundamental feature as 
to warrant us in drawing such far-reaching conclusions, at variance 
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with all modern phylogenetic views, as IRIKI and NAKAMURA have 
done. : 

The previously mentioned step in the chromosome length curves 
in Anura (v. Ch. IA) may. possibly represent an incipient division of 
the set into a group of large chromosomes and a group of small ones. 
Such a marked ‘grouping has actually been found in most of the reptiles 
(MATTHEY, 1931; NAKAMURA, 1935; see OGUMA and MAKINO, 1937, for 
further literature). This, too, may perhaps be an indication of the phylo- 
genetic relationship between the Anurans and the reptiles. 

It is, indeed, astounding that these cytological features have 
evidently kept so constant during evolution that these groups, whose 
common ancestors must be sought in the Palaeozoic era, still show such 
striking and extensive resemblances. Urodela and Dipnoi, for example, 
can be cytologically distinguished only by the chromosome number, 
in which respect the difference between these groups is not more 
marked than between the members of different suborders of Urodela, 
such as the genera Hynobius and Triturus. lt may be foreseen that 
cytological facts will play a considerable part in coming discussions 
concerning phylogenetic questions, not only as regards subspecies, 
species and families, but also in regard to larger systematic units. . That 
cytological changes must play a very important réle in phylogeny is 
evident, as also that most of these changes will consist of minute gene 
mutations (HUXLEY, 1942), which partly explains why the chromosome 
morphology shows such striking resemblances in these forms, despite 
their comparatively remote relationship. 
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SUMMARY. 


(1) The mitosis in all the forms examined is quite normal. 

(2) The diploid chromosome numbers for 17 species have been 
determined. Three of these determinations are new. In three additional 
cases the figures given by previous authors have been corrected. 

(3) The chromosome length at mitotic metaphase is considerable, 
being up to 30 microns. 

(4) Protopterus and Urodela have larger chromosomes than Anura 
and Emys. 

(5) All these forms (except the suborder of Urodeles, Crypto- 
branchoidea) have all their chromosomes distinctly two-armed. 

(6) Anura and Emys are distinguished by a marked step in the 
chromosome length curve. There is a certain connection between the 
varying location of this step and chromosome number. 

(7) As regards chromosome number and morphology, the Dipnoi 
appear to be a very uniform group. 

(8) Urodela appear to be more heterogeneous. In this group two 
lines of development can be traced. The one, cytologically charact- 
erized by »fragmentations», leads from the Dipnoi through the Crypto- 
branchoidea; the other, cytologically characterized by »fusions», com- 
prises the remaining suborders and may conceivably be derived from 
Cryptobranchoidea via Ambystomoidea and Salamandroidea to the final 
stage, which may possibly be Proteida. 

(9) Anura are very uniform. The higher chromosome numbers, 
found among the more primitive forms, seem to point to »fusions» as 
an active factor in the phylogeny. 

(10) The meiosis in these forms is quite normal. 

(11) The zygotene-pachytene stages are characterized by a marked 
polarization of all the chromosome ends. This polarization seems, in 
some way, to be connected with the centromere as it disappears after 


colchicine treatment. 
(12) The major spiral is missing in Dipnoi and Urodela, but-occurs 
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in Anura (except for the family Discoglossidae and certain anomalies 
in other forms) as well as in Emys. 

(13) The distal localization of the chiasmata in these species is due 
to the initiation of the pairing at the distal ends, the commencement 
of the division at the centromere and a restricted time limit between 
pairing and division. 

(14) In regard to chiasma frequency, Urodela are rather hetero- 
geneous, whereas Anura are very homogeneous. Urodela, however, 
have throughout a higher frequency than Anura, and the difference in 
this respect is immense even in chromosomes of equal length. 

(15) The connection between chiasma frequency and length of 
chromosome and chromosome arms has been thoroughly studied. In 
Protopterus and Urodela the chiasma frequency is correlated to the 
chromosome length; this is not the case in Anura, except in the smallest 
chromosomes. 

(16) The chiasma frequency in triploid Anura and Urodela corres- 
ponds with */; of the values found in the closely related diploid species, 
and the difference from previously studied triploids is a function 
of the low chiasma frequency in the forms dealt with here. 

(17) The temperature affects the chiasma frequency, though in- 
directly, by modifying the time limit. Certain data have been adduced, 
which point to some of the ways in which the chiasma frequency is 
affected by temperature, namely: 

(a) The viscosity of the plasma, which is dependent on the 
temperature according to a W-shaped curve (HEILBRUNN, 
1928). 

The physiological, chemical and physical reactions which 
take place during the division of the chromosomes at di- 
plotene. The speed of these reactions should depend 
on the temperature similarly as other such reactions 
(BELEHRADEK, 1935). 

The size of the nucleus, which is dependent on the tem- 
perature according to a U-shaped curve (HARTMANN, 1919). 
The size of the nucleus, in turn, is a function, not of the 
temperature direct, but of the other factors, such as 
osmosis, which are dependent on temperature (BELEHRA- 
DEK, op. cit., pp. 94 ff. and 179, for literature), 

(18) As the temperature, in different ways, can simultaneously 
restrict and extend the time limit, the effect of variations in temperature 
is very complex. In each case it includes the following components: 


(b 


— 


—_ 
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(a) 17a above. 

(b) 17b above. 

(c) 17¢ above. 

(d) The reaction of the species or individual to the influences 
referred to under 17a—c. 

(e) Moreover, the heterochromatin seems to be more sensitive 
to temperature effects than the euchromatin (MATHER, 
1938 b). 

(19) For different organisms, the peaks and throughs in the curves 
according to 17a—c are situated at different temperatures, depending, 
inter alia, on the temperature in their normal environment, etc. 

(20) The chiasmata show a high degree of terminalization in all 
species examined. There is a marked difference between Protopterus 
and Urodela, on the one hand, with a terminalization coefficient of 
about 0,5 at metaphase and Anura and Emys, on the other, with a 
terminalization coefficient of 0,s:—0,99 at metaphase. 

(21) The degree of terminalization of the chiasmata and the 
spiralization of the chromosomes is inversely proportional to the tem- 
perature; this action of temperature is also indirect and may be derived 
from the influence of temperature upon the rapidity of the meiosis. In 
a rapid division (heat) the chromosomes have not time enough for 
spiralization and terminalization of their chiasmata; in a slow division 
(cold) the spiralization and terminalization become very strong. 

(22) Nucleic acid starvation (DARLINGTON and LA Cour, 1940; 
CALLAN, 1942) can be produced by cold. Fasting has a similar effect. 
In the forms dealt with here, the heterochromatic segments which are 
brought to light by the said treatment are mainly proximal. 

(23) By colchicine treatment, diploid and tetraploid spermatozoa 
can be developed in Triturus. 

(24) Polyploidy has played no part in the phylogeny of the here 
treated forms. The reasons for this lie in the facts that such auto- 
polyploids as occasionally occur cannot produce balanced offspring by 
sexual reproduction (multivalents!) and that asexual propagation does 
not occur in vertebrates; that, in view of the special pairing instincts 
of the animals, hybrids are rare; and that such hybrids cannot, like 
plants, produce allopolyploids, owing to the different processes of 
growth in plants and animals. 

(25) The polyploids in Anura and Urodela do not show any greater 
size or vitality than the diploids. However, the cells are greater in the 
polyploids. 
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(26) The chromatids which appear during the prophase and meta- 
phase of mitosis and which separate at anaphase, must have been pro- 
duced by the longitudinal division of their mother chromosome in the 
immediately preceding resting stage. 

(27) Pictures of doubleness in the mitotic chromatids, obtained after 
alkaline treatment, are produced by the treatment itself, possibly in the 
way that the pH of the nucleus is thus raised to that of the resting 
stage; the nucleus thus artificially reverts to a resting stage, with the 
chromosome division and despiralization phenomena characteristic of 
that stage. 

(28) The plane along which the chromosome division takes place 
is screw-shaped, whence the daughter chromatids from the moment of 
»birth» are relational coiled. 

(29) The marked relational coiling which can be observed at meta- 
phase after KOH-treatment, is produced in another way. On the 
despiralization of the chromatids, the ends rotate and get coiled round 
one another. 

(30) In two cases the spiral at the mitotic metaphase has been drawn 
out by mechanical means and has thus been made accessible for ob- 
servation. 

(31) Despiralization with KOH facilitated the examination of the 
major spiral during the second division of meiosis. Changes in direction 
of spiralization have been observed. 

(32) The sex chromosomes in Anura and Urodela are not cytolog- 
ically recognizable. 

(33) The cytological findings conduce to support the view as to the 
phylogenetic relationship between Dipnoi, Urodela, Anura, and Chelonia. 

(34) There are nevertheless such striking similarities between the 
Dipnoi and Urodela, on the one hand, as well as between Anura and 
Chelonia, on the other, and such marked differences between the two 
groups themselves, that the usual unification of Anura and Urodela as 
»Amphibia» cannot be defended. The cytological findings, instead, 
conduce to bear out certain modern views in comparative anatomy, 
according to which Urodela are closely related to the Dipnoi, whereas 
Anura and Chelonia are derived from Stegocephalia. Both these lines 
of evolution can then be traced back to common ancestors in the 
Crossopterygii. 
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EXPLANATION OF PLATES I-III, 


Plate I, 


Fig. 1. Mitotic metaphase of Protopterus annectens, — Fig. 2. Mitotic meta- 
phase of Protopterus annectens. — Fig. 3. Early mitotic prophase of Bufo vulgaris 
showing relic spirals. — Fig. 4. Mitotic metaphase of Ambystoma mezicana treated 
with 0,1 % KOH, 5 minutes. Strong relational coiling between chromatids. — 
Microphotographs. 

Plate II. 

Fig. 1. Diplotene of Triturus cristatus. — Fig. 2. M! of Triturus cristatus. — 
Fig. 3. M! of Bufo calamita. — Fig. 4. M! of Triturus vulgaris. (600 <.) — Fig. 5. 
Late diakinesis of Triturus vulgaris. (600 X.) — Fig. 6. M! of Protopterus annectens. 
— Fig. 7. Mi of Xenopus laevis. — Microphotographs. 


Plate III, 


Fig. 1. Diakinesis of Rana arvalis. — Fig. 2. Triturus cristatus. Mitotic telo- 
phase with fragment after cold treatment. — Fig. 3. Triturus cristatus. Meiosis. 
Colchicine treatment. — Fig. 4. Triturus cristatus. Meiosis. Colchicine treatment. — 
Fig. 5. MI! of Triturus cristatus. (600 <.) — Fig. 6. M! of Emys orbicularis. — 
Fig. 7. Mitotic spiral of Ambystoma mexicana. (Cf. text and Fig. 40.) — Fig. 8. 
Ambystoma mexicana. Mitotic metaphase treated with 0,1 % KOH, 5 minutes. The 
chromatids in the middle show doubleness. Cf: Fig. 43. — Fig. 9. Ambystoma 
mexicana. Mitotic metaphase treated with 0,1 % KOH, 5 minutes. The left chromatid 
of the chromosome in the centre shows doubleness. Cf. Fig. 44. — Microphotographs. 


LITERATURE CITED. 
(Papers only read in abstract are marked by an asterisk.) 


Acar, E. E. 1911. The spermatogenesis of Lepidosiren paradoxa. — Quart. 
Journ. Micr. Sci. 57: 1—44, 

— 1912. Transverse segmentation and internal differentiation of chromo- 
somes. — Quart. Journ. Micr. Sci. 58: 285—298. 

A1siMA, T. 1940. Studies of mitosis and meiosis in comparison. II. Chro- 
mosome structure in the spiral stage of anaphase in mitosis as revealed by 
means of a maceration method. — Cytologia 11: 429—435. 

ATwoop, S. 1937, The nature of the last premeiotic mitosis and its relation 
to meiosis in Gaillardia. — La Cellule 46: 391—406. 

BarBER, H. N. 1939. The suppression of meiosis and the origin of diplo- 
chromosomes. — Proc. Roy. Soc. Lond. Ser. B. 128: 170—185. 

— 1941. Chromosome behaviour in Uvularia. — Journ. of Gen. 42: 223—257. 

Beccari, N. 1926. Le nombre des chromosomes dans les cellules génitales de 
Bufo viridis. — Ann. Anat. Path. 3: 841. 

BELaR, K. 1929. Beitrage zur Kausalanalyse der Mitose. III. Untersuchungen 
an den Staubfaiden, Haarzellen und Blattmeristemzellen von Tradescantia 
virginica. — Zeitschr. f. Zellforsch. u. mikr. Anat. 10: 73—134. 

BELEHRADEK, J. 1935. Temperature and living matter. — Protoplasma-Mono- 
graphien, Bd. VIII. 














~ 
FS 
a 
= 
Z 
a) 
i 
no 
= 
° 
= 














TORSTEN WICKBOM PuaTE II 



























PuaTE III 


TORSTEN WICKBOM 















DIPNOI, URODELA, ANURA, AND EMYS 337 











18. 


19. 


20. 
21. 


22. 
23. 
24. 
25. 
26. 


27. 
28. 


29. 
30. 
31. 


32. 


33. 


BENNETT, E. S. 1938. The origin and behaviour of chiasmata. XIV. Fritillaria 
chitralensis. — Cytologia 8: 443—451. 

Bonnier, G. and TepDINn, O. 1940. Biologisk variationsanalys. — Stockholm. 

Boost, C. und Lupwic, G. 1939. Uber die Hiufigkeit mehrfacher Chiasmen 
und ihre Beziehung zu einer gerichteten Chiasmabildung. — Chromosoma 
1: 300—309. 

BORGENSTAM, E. 1922. Zur Zytologie der Gattung Syringa. — Arkiv f. Botanik, 
Bd. 17, No. 15. 

Bovert, T. 1909. Die Blastomerenkerne von Ascaris megalocephala und die 
Theorie der Chromosomenindividualitat. — Arch. f. Zellforsch. 3: 181—268. 

BRYDEN, W. 1935. Some observations upon the mitotic and meiotic divisions 
in the Wistar rat. I. The effect of changes in temperature. — Cytologia 
6: 300—307. 

BUSHNELL, R. J., BUSHNELL, E. P., and PARKER, M. V. 1939. A chromosome 
study of five members of the family Hylidae. — Journ. Tennessee Acad. 
Sci. 14: 209—215. (Biol. Abstr. 1939, No. 10722.) (*). 

BOGk, J. A. 1940. Triploidy in Triton taeniatus Laur. — Hereditas XXVI: 


107—114. 

— 1941. Induction of haploidy in a cold treatment experiment with egg-cells 
of the salamander Triton taeniatus. — Kungl. Fysiogr. Sallsk. i Lund 
Foérhandl. Bd. 11, No. 12: 1—16. 

— 1943. Low temperature and cleavage in Triton taeniatus. — Hereditas 
XXIX: 195—197. 

— 1945. Cytological studies in Triton. — Hereditas XXXI: 177—220. 

CALLAN, H. G. 1942. Heterochromatin in Triton. — Proc. Roy. Soc. London, 


Ser. B. 130: 324—335. 

Carnoy, J. B. et LEBRuN, H. 1899. La vésicule germinative et les globules 
polaires chez les Batrachiens. — La Cellule 16: 299—401. 

Carrick, R. 1934. The spermatogenesis of the Axolotl (Ambystoma tigrinum). 
— Trans. Roy. Soc. Edinb. 58: 683—74. 

Cuampy, G. 1923. La spermatogénése chez Discoglossus pictus (OTTH.). — 
Arch. Zool. exp. et gén. 62: 1—52. 

COLEMAN, L. C. 1940. The structure of homotypic and somatic chromosomes. 
— Am. Journ. of Bot. 27: 683—686. 

CREIGHTON, M. 1938. Chromosome structure in Amblystoma punctatum. — 
Cytologia 8: 497—504. 

CrEw, F. 1921. Sex reversal in frogs and toads. — Journ. of Gen. 11: 141—181. 

Datcg, A. 1930. La formule chromosomiale chez la grenouille. — Ann. Soc. 
Roy. med. nat. Brux. 1930: 15—21. 

DaRLINGTON, C. D. 1936. Crossing-over and its mechanical relationships in 
Chorthippus and Stauroderus. — Journ. of Gen. 33: 465—500. 

— 1937. Recent advances in cytology. 2nd ed. — London. 


— 1940a. The prime variables of meiosis. — Biol. Rev. 15: 307—322. 

— 1940b. The causal sequence of meiosis. II. Contact points and crossing- 
over potentials in a triploid Fritillaria. — Journ. of Gen. 41: 35—48. 

DaRLINGTON, C. D. and Dark, S. O. S. 1932. The origin and behaviour of 
chiasmata. II. Stenobothrus parallelus. — Cytologia 3: 169—185. 


Hereditas XXX1. 22 





338 





TORSTEN WICKBOM 





34. 


35. 
36. 


37. 


38. 


39. 


40. 


41. 


42. 


48. 


49. 


DARLINGTON, C. D. and La Cour, L. 1940. Nucleic acid starvation of Trillium. 
— Journ. of Gen. 40: 185—213. 

— and — 1942. The handling of chromosomes. — London. 

DARLINGTON, C. D. and MATHER, K. 1932. The origin and behaviour of 
chiasmata. III. Triploid Tulipa. — Cytologia 4: 1—15. 

DEARING, W. H. 1934. The material continuity and individuality of the 
somatic chromosomes of Amblystoma tigrinum, with special reference to 
the nucleolus as a chromosomal component. — Journ. of Morph. 56: 
157—174. 

Dotto, L. 1896. Sur la philogénie des Dipneustes. — Bull. Soc. Belg. Géol. 
Bruxelles, 9: 79—128. 

DURKEN, B. 1938. Uber die Keimdriisen und die Chromosomen der Art- 
bastarde Rana arvalis Nitss. X Rana fusca Robs. — Zeitschr. f. ind. Abst.- 
u. Vererbungslehre 74: 331—353. 

ELvers, I. 1943. On an application of the electron microscope to plant 
cytology. — Acta Horti Bergiani, Bd. 13, No. 5: 149—245. 

FANKHAUSER, G. 1934. Cytologic studies on egg fragments of the salamander 
Triton. V. Chromosome number and chromosome individuality in the 
cleavage mitoses of merogonic fragments. —.Journ. Exp. Zool. 68: 1—57. 

— 1938a. Triploidy in the newt, Triturus viridescens. — Proc.. Amer. Phil. 
Soc. 79: 715—739. 

— 1938b. Sex differentiation in triploid salamanders (Triturus viridescens). 
— Anat. Rec. 72, Suppl. 70. 

— 1939a. The effects of triploidy on cell size and organ size in salamanders. 
— Genetics 24:71. ; 

— 1939b. Polyploidy in the salamander, Eurycea bislineata. — Journ. of 
Hered. 30: 379—388. 

— 1940. Sex differentiation in triploid newts (Triturus viridescens), — Anat. 
Rec. 77: 227—239. 

— 1941a. The effects of pentaploidy on development in the newt, Triturus 
viridescens. — Genetics 26: 150. 

— 1941b. Cell size, organ and body size in triploid newts (Triturus virid-, 
escens). — Journ. of Morph. 68: 161—174. 

FANKHAUSER, G. and GRIFFITHS, R. B. 1939. Induction of triploidy and ha- 
ploidy in the newt, Triturus viridescens, by cold treatment of unsegmented 
eggs. — Proc. Nat. Acad. Sci. Wash. 25: 233—238. 

FANKHAUSER, G. and KayLor,,C. T. 1935. Chromosome numbers in andro- 
genetic embryos of Triturus viridescens. —- Anat. Rec. 64, Suppl.: 41—42. 

FRANKEL, O. H. 1940. The causal sequence of meiosis. I. Chiasma formation 
and the order of pairing in Fritillaria. — Journ. of Gen. 41: 9—34. 

GALGANO, M. 1933. Evolutione dei spermatociti di I ordine e cromosomi 
pseudosessuali in alcune specie di anfibi. — Arch. Ital. Anat. Embr. 32: 
171—200. 

— 1941. La variazione dei chiasmi nei maschi e negli intersessuati di »Rana 
esculenta» L. — Arch. Ital. Anat. Embr. 56: 127—165. 

GEITLER, L. 1935. Der Spiralbau somatischer Chromosomen. — Zeitschr. f. 
Zellforsch. u. mikr. Anat. 23: 514—521. 

— 1938. Chromosomenbau. — Protoplasma-Monographien, Bd. 14. 














DIPNOI, URODELA, ANURA, AND EMYS 339 











56. 


57. 


62. 


GEITLER, L. 1940. Neue Ergebnisse und Probleme auf dem Gebiet des Chro- 
mosomenbaues. — Naturwiss. 28: 649—656. 

GELEI, J. 1921. Weitere Studien iiber die Oogenese des Dendrocoelum lac- 
teum. — Arch. f. Zellforsch. 16: 88—169, 299—370. 

GOLDSCHMIDT, R. 1920. Kleine Beobachtungen und Idéen zur Zellenlehre. 
II. Die Spermatogenese eines parthenogenetischen Frosches nebst Bemer- 
kungen zur Frage, welches Geschlecht bei den Amphibien das_hetero- 
zygotische ist. — Arch. f. Zellforsch. 15: 283—290. 

GRIFFITHS, R. B. 1940. Triploidy in Triturus viridescens, induced by ex- 
posure of eggs to low temperature. — Anat. Rec. 76, Suppl. 26—27. 

— 1941. Triploidy (and haploidy) in the newt, Triturus viridescens, induced 
by refrigeration of fertilized eggs. — Genetics 26: 58—ss, 

HaGa, T. 1937. Karyologic polymorphism in Paris hexaphylla CHaM. with 
special reference to its origin and to the meiotic chromosome behaviour. — 
Cytologia, Fusu Jub. Vol.: 681—700. 

HaRTMANN, O. 1919. Uber den Einfluss der Temperatur auf Plasma, Kern und 


Nucleolus und zytologische Gleichgewichtszustaénde. — Arch. f. Zellforsch. 
15: 177—248. 
HEILBORN, O. 1930. Temperatur und Chromosomenkonjugation. — Sv. Bot. 


Tidskr. 24: 12—25. 

HEILBRUNN, L. V. 1928. The colloid chemistry of protoplasm. — Protoplasma- 
Monographien, Bd. 1. 

HERRE, W. 1935. Die Schwanzlurche der mitteleocinen Braunkohle des 
Geiseltales und die Phylogenie der Urodelen unter Einschluss der fossilen 
Formen. — Zoologica 33; Heft 87: 1—85. 

HERTWIG, G. 1918. Kreuzungsversuche an Amphibia. I. Wahre und falsche 
Bastarde. — Arch. mikr. Anat. 91; 2: 203—271. 

HERTWIG, G. und HErtTwiG, P. 1920. Triploide Froschlarven. — Arch. mikr. 
Anat. 94: 34—54. 

HERTWIG, P. 1936. Artbastarde bei Tieren. — Handb. d. Vererbungswiss., 


Bd. II. : 

Hiraoka, T. 1941. A contribution to the study of the origin of the »bouquet» 
and its formation. — Cytologia 11: 483—492. 

HOLMGREN, N. 1933. On the origin of the tetrapod limb. — Acta Zoologica 
14: 185—295. 


— 1939. Contribution to the question of the origin of the tetrapod limb. — 
Acta Zoologica 20: 89—124. 

Hrusy, K. 1934. Uber die Chromosomenstruktur bei infraroten Strahlen. — 
Planta 22: 685—691. 

Huskins, C. L. 1937. The internal structure of chromosomes — a statement 
of opinion. — Cytologia, Fusm Jub. Vol.: 1015—1022. 

Huskins, C. L. and Newcomse, H. B. 1941. An analysis of chiasma pairs 
showing chromatid interference in Trillium .erectum L. — Genetics 26: 
100—127. 

Huxtey, J. 1942. Evolution — the modern synthesis. — Oxford. 

Ir1kI, S. 1928. On the chromosomes of Amphibia. — Zool. Mag. 40: 491. (*). 

— 1929. On the chromosomes of Bufo bufo japonicus. — Zool. Mag. 41: 
491. (*). 





340 





TORSTEN WICKBOM 





78. 


79. 


80. 


81. 


82. 


83. 
84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


IrtkI, S. 1930. Studies on Amphibian chromosomes. I. On the chromosomes of 
Hyla arborea japonica GUENTHER. — M. C. S. Kyoto Imp. Univ. Ser. B. 
5: 1—19. : 

— 1932a. Studies on Amphibian chromosomes. IV. On the chromosomes of 
Rana rugosa and Rana nigromaculata. — Sci. Rep. Tokyo Bunr. Daig. 
Sec. B. 1: 61—72. 

— 1932b. Studies on Amphibian chromosomes. V. Explanation of the sex 
chromosome type of Hyla arborea japonica from the standpoint of spiral 
structure. — Sci. Rep. Tokyo Bunr. Daig. Sec. B. 1: 78—80. 

— 1932c. Studies on Amphibian chromosomes. VII. Megalobatrachus ja- 
ponicus. — Sci. Rep. Tokyo Bunr. Daig. Sec. B. 1:91—104. 

JANSSENS, F. A. 1900. Rapprochement entre les cinéses polliniques et les 
cinéses sexuelles dans le testicule des Tritons. — Anat. Anz. 17: 520—524. 

— 1901. La spermatogénése chez les Tritons. — La Ceilule 19: 5—116. 

— 1902. Die Spermatogenese bei den Tritonen nebst einigen Bemerkungen 
liber die Analogie zwischen chemischer und physikalischer Tatigkeit der 
Zelle. — Anat. Anz. 21: 129—138. 

— 1904. Das chromatische Element wahrend der Entwicklung des Oocyts 
des Triton — Anat. Anz. 24: 648—651. 

— 1909. Spermatogénése dans les Batrachiens. V. La théorie de la chiasma- 
typie, nouvelle interpretation des cinéses de maturation. — La Cellule 
25: 887—411. 

JANSSENS, F. A. et WILLEMS, J. 1909. La spermatogénése dans |’Alytes obste- 
tricans. — La Cellule 25: 151—173. 

JARVIK, E. 1942. On the structure of the snout of Crossopterygians and lower 
Gnathostomes in general. — Zool. Bidr. fr. Uppsala, Bd. 21: 235—675. 

JEFFREY, E. C. 1937. The somatic chromosomes of Trillium. — Cytologia, 
Fugu Jub. Vol.: 857—866. 

JOLLY, J. 1904. Recherches experimentales sur la division indirecte des glo- 
bules rouges. — Arch. Anat. micr. 6: 455—629. 

KAWAMURA, T. 1939a. Artificial parthenogenesis in the frog. I. Chromosome 
numbers and their relation to the cleavage histories. — Journ. of Sci. 
Hiroshima Univ. Ser. B. Div. 1, 6: 115—-218. 

— 1939b. Artificial parthenogenesis in the frog. II. The sex of partheno- 
genetic frogs. — Journ. of Sci. Hiroshima Univ. Ser. B. Div. 1,7: 39—86. 

Kraara, H. 1927. Uber das Verhalten der »end-to-end» gebundenen Chro- 
mosomen von Rumezx acetosella und Oenothera biennis wihrend der 
heterotypischen Kernteilung. Beitrag zur Frage der Para- und Metasyndese. 
— Jahrb. wiss. Bot. 66: 429—460. 

KinG, H. D. 1912. Dimorphism in the spermatozoa of Necturus maculosus. — 
Anat. Rec. 6: 405—411. 

KLINGSTEDT, H. 1936. On some tetraploid spermatocytes in Chrysochraon 
dispar. (Orth.) — Mem. Soc. Fauna et Flora Fenn. 12—13: 194—209. 

Koiier, P. C. 1936. The genetical and mechanical properties of the sex 
chromosomes. II. Marsupials. — Journ. of Gen. 32: 79—102. 

— 1937. The genetical and mechanical properties of the sex chromosomes. 
III. Man. — Proc. Roy. Soc. Edinb. 57: 194—214. 




















DIPNOI, URODELA, ANURA, AND EMYS 341 





98. 


109. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


Kuwaba, Y. 1938. Behaviour of chromonemata in mitosis. VII. A chromo- 
some study by the artificial uncoiling method of the chromonema spirals. 
— Cytologia 9: 17—22. 

— 1939. Chromosome structure. A critical review. — Cytologia 10: 213—256. 

Kowapa, Y. and NAKAMuRA, T. 1934. Artificial unravelling of coiled chromo- 
nemata. — Cytologia 5: 244—247. 

Lantz, L. A. 1934. Molchbastarde. — Bil. f. Aquar. und Terrar.-Kunde, 
45: 23—82. 

LEvaN, A. 1936. Zytologische Studien an Allium Schoenoprasum. — Hereditas 
XXII: 1i—128. 


— 1938. The effect of colchicine on root mitoses in Allium. — Hereditas 
XXIV: 471—486. 

— 1939. The effect of colchicine on meiosis in Allium. — Hereditas XXV: 
9—26. 


Loges, J. 1918. Further experiments on the sex of parthenogenetic frogs. — 
Proc. Nat. Acad. Sci. Wash. 4: 60—€2. 

LGveE, A. 1944. Cytogenetic studies on Rumex subgenus Acetosella. — Hereditas 
XXX: 1—136. 

McCune, C. E. 1905. The chromosome complex of Orthopteran spermato- 
cytes. — Biol. Bull. 9: 304—340. 

— 1914. A comparative study of the chromosomes in Orthopteran spermato- 
genesis. — Journ. of Morph. 25: 651—749. 

McGrecor, J. H. 1899. The spermatogenesis of Amphiuma. — Journ. of 
Morph. 15, Suppl.: 57—104. 

MAKINO, S. 1932a. Notes on the chromosomes of Rana temporaria L. and 
Bufo sachalinensis (NIKOLSKI). — Proc. Imp. Acad. Tokyo, 8: 23—24. 

— 1932b. Notes on the chromosomes of Rhacophorus schlegelii schlegelii 
GUENTHER. — Proc. Imp. Acad. Tokyo, 8: 24—26. 

— 1932c. The chromosome numbers in some salamanders from northern 
Japan. — J. F. S. Hokkaido Imp. Univ. Ser. VI, 2: 97—108. 

— 1934. The chromosomes of Hynobius leechii and H. nebulosus. — Trans. 
Sapporo Nat. Hist. Soc. 13: 351—354. 


— 1935a. The chromosomes of Hynobius dunni and H. kimurai. — Jap. 
Journ. of Gen. 10: 243—244. 

— 1935b. The chromosomes of Cryptobranchus allegheniensis. — Journ. of 
Morph. 58: 573—584. 

— 1939. The chromosomes of the carp, Cyprinus carpio. — Cytologia 9: 
430—440. 


MATHER, K. 1936. The determination of position in crossing over. I. Droso- 
phila melanogaster. — Journ. of Gen. 33: 207—235. 

— 1937. The determination of position in crossing over. II. The chromo- 
some length—chiasma frequency relation. Cytologia, Fuym Jub. Vol.: 
514—526. 

— 1938a. Crossing over. — Biol. Rev. 13: 252—292. 

— 1938b. Crossing-over and heterochromatin in the X chromosome of 
Drosophila melanogaster. — Genetics 24: 413—435. 

MATHER, K. and STONE, H. A. 1933. The effect of x-radiation upon somatic 
chromosomes. — Journ. of Gen. 28: 1—24. 





342 





TORSTEN WICKBOM 








122. 


123. 


124. 


126. 


130. 


132. 
133. 


134. 
135. 


136. 


137. 


138. 


139. 


140. 


141. 


Matsuura, H. 1937. Chromosome studies in Trillium kamtschaticum PALL. 
V. Abnormal divisions due to high temperature. — Cytologia, Fusm Jub. 
Vol.: 20—34. ; 

— 1941. Chromosome studies in Trillium kamtschaticum PALL. XV. A con- 
tribution to the present status of knowledge on the mechanism of chro- 
mosome coiling. — Cytologia 11: 407—428. 

MATTHEY, R. 1931. Chromosomes de Reptiles, Sauriens, Ophidiens, Chélo- 
niens. L’évolution de la formule chromosomiale chez les Sauriens. — 
Rev. Suisse Zool. 38: 117—183. 

MEEK, C. F. U. 1913. A metrical analysis of chromosome complex, showing 
correlation of evolutionary development and chromatin thread-width 
throughout the animal kingdom. — Phil. Trans. Roy. Soc. London, 
23 B: 1—74. 

Mrinoucul, O. and Irrkr, 8S. 1931. Studies on Amphibian chromosomes. 2. On 


the chromosomes of Bufo bufo japonicus schlegelii. — M. C. S. Kyoto 
Imp. Univ. Ser. B. 6: 39—43. 

MULLER, H. J. 1916. The mechanism of crossing over. II. — Amer. Nat. 
50: 193—224, 284—305, 350—366, 421—434. 

— 1925. Why polyploidy is rarer in animals than in plants. — Amer. Nat. 


59: 346—353. 

MUnTzING, A. 1936. The evolutionary significance of autopolyploidy. — 
Hereditas XXI: 263—378. 

NAKAMURA, K. 1935. Studies on reptilian chromosomes. — M. C. S. Kyoto 
Imp. Univ. Ser. B. 10: 341—406. 

NAKAMURA, M. 1936. Experimental and cytological studies in the unstability 
of the meiotic divisions of the pollen mother cells of Impatiens balsamina L. 


caused by the effect of high air temperature. — Mem. Fac. Sci. and Agr. 
Taihoku Imp. Univ. 12: 121—183. 
NEBEL, B. R. 1939. Chromosome structure. — Bot. Rev. 5: 563—-626. 
NEWCOMBE, H. B. 1942. The action of X-rays on the cell. 1. The chromo- 
some variable. — Journ. of Gen. 43: 145—171. 


NosBLeE, G. K. 1931. The biology of the Amphibia. — New York and London. 

OEHLKERS, F. 1935. Untersuchungen zur Physiologie der Meiosis. I. — 
Zeitschr. f. Bot. 29: 1—53. 

— 1936. Untersuchungen zur Physiologie der Meiosis. III. — Zeitschr. f. Bot. 
30: 253—276. 

OcumMa, K. 1937. The chromosomes of the soft shelled turtle, Amyda japonica, 
as additional proof of female heterogamety in the Reptilia. — Journ. of 
Gen. 34: 247—265. 

OcuMaA, K. and MaKINo, S. 1937. A new list of the chromosome numbers in 
Vertebrata (March, 1937). — Journ. Fac. Sci. Imp. Univ. Sapporo, Ser. 6, 
5: 297—356. 

PARMENTER, C. L. 1919. Chromosome number and pair in somatic mitoses 


of Ambystoma tigrinum. — Journ. of Morph. 33: 169—226. 

— 1920. The chromosomes of parthenogenetic frogs. — Journ. of gen. 
Physiol. 2: 205—206. 

— 1925. The chromosomes of parthenogenetic frogs and tadpoles. — Journ. 


of gen. Physiol. 8: 1—20. 














143. 


144, 


145. 


150. 


151. 


152. 


153. 


154. 








DIPNOI, URODELA, ANURA, AND EMYS 343 





PARMENTER, C. L. 1933. Haploid, diploid, triploid and tetraploid chromosome 
numbers and their origin in parthenogenetically developed larvae and frogs 
of Rana pipiens and Rana palustris. — Journ. exp. Zool. 66: 409—453. 

PLouGH, H. H. 1917. The effect of temperature on crossing over in Droso- 
phila. — Journ. exp. Zool. 24: 147—209. 

Po.tiakowA, T. F. 1940. Effect of high and low temperature upon chiasma 
formation in Allium cepa L. — C. R. Doklady Acad. Sci. U.R.S.S. 27: 


594—597. 
Poska-TEIss, L. 1933. Spermatogonien von Bufo vulgaris Laur. und ihr Ver- 
gleich mit larvalen somatischen Zellen desselben Tieres. — Zeitschr. f. 


Zellforsch. und mikr. Anat. 17: 347—419. 

PROKOFIEWA, A. 1935. On the chromosome morphology of certain Amphibia. 
— Cytologia 6: 148-—164. 

PATAv, K. 1940. »The pairing coefficient». — Proc. 7th int. genet. Congr. 
Edinb. 1939. 

— 1941. Cytologischer Nachweis einer positiven Interferenz tiber das Centro- 
mer. — Chromosoma 2: 36—63. 

Rast, C. 1885. Uber Zellteilung. — Morph. Jahrb. 10: 124—330. 

Rivey, H. P. 1936. The effect of X-rays on the chromosomes of Tradescantia 
gigantea. — Cytologia 7: 131—142. 

RisLey, P. L. 1936. The chromosomes of the male musk turtle, Sternotherus 


odoratus. — Cytologia 7: 232—241. 
RoBEerRTSON, W. R. 1916. Chromosome studies. — Journ. of Morph. 27: 
179— 280. 


SAEZ, F. A., RogJAs, P. und DE RoseErtTis, E. 1936. Untersuchungen iiber die 
Geschlechtszellen der Amphibien (Anuren). I. Der meiotische Prozess bei 
Bufo arenarium. — Zeitschr. f. Zellforsch. u. mikr. Anat. 24: 727—777. 

SAKAMURA, T. 1916. Uber die Beeinflussung der Zell- und Kernteilung von der 
Chloralisierung mit besonderer Riicksicht auf das Verhalten der Chromo- 


somen. — Bot. Mag. 30: 509. 

Sato, I. 1934. On the chromosomes of Rana limnocharis and Polypedates 
buergeri. — Zool. Mag. 46: 98—104. 

— 1936a. On the chromosomes of some hynobiid salamanders from 
southern Japan. — Journ. of Sci. Hiroshima Univ. Ser. B, 4: 1483—154. 


— 1936b. Notes on the chromosomes of Cacopoides tornieri and Bufo raddei. 
— Zool. Mag. 48: 958—960. ‘ 

— 1939. Of the chromosomes of the Oriental bell-toad, Bombina orientalis, 
with special reference to the multiple ring tetrad. — Journ. of Sci. 
Hiroshima Univ. Ser. B, 6:53—70. 

Sax, K. 1935. Variation in chiasma frequencies in Secale, Vicia and Tradescan- 
tia. — Cytologia 6: 289—293. 

— 1937. Effect of variations in temperature on nuclear and cell division. — 
Amer. Journ. of Bot. 24: 218—235. 

SHIGENAGA, M. 1937. An experimental study of the abnormal nuclear and cell 


division in living cells. — Cytologia, Fusm Jub. Vol.: 464—478. 
SHIMAMURA, T. 1940. Studies on the effect of the centrifugal force upon 
nuclear division. — Cytologia 11: 186—216. 


Sparrow, A. H. and Wixson, G. B. 1941. Relational coiling in the chromo- 









































344 


164. 


165. 


166. 
167. 
168. 


169. 


TORSTEN WICKBOM 


some spiralisation cycle of Trillium erectum L. and T. grandiflorum, SALISB. 
— Genetics 26: 169 (Abstr.) (*). 
STIEVE, H. 1920. Die Entwicklung der Keimzellen des Grottenolmes (Proteus 
anguineus). I. Die Spermatogenese. — Arch. Micr. Anat. 93. II: 141—313. 
STOHLER, R. 1928. Cytologische Untersuchungen an den Keimdriisen der 
miiteleuropiischen Kréten (Bufo viridis Laur., B. calamita Laur. und 
B. vulgaris Laur.). — Zeitschr. f. Zellforsch. u. mikr. Anat. 7: 400—475. 
STONE, L. H. and MATHER, K. 1932. The origin and behaviour of chiasmata. 


IV. Diploid and triploid Hyacinthus. — Cytologia 4: 16—25. 
Straus, J. 1936. Untersuchungen zur Physiologie der Meiosis. II. — Zeitschr. 


f. Bot. 30: 1—57. 

STURTEVANT, A. and Novitsky, E. 1941. The homologies of chromosome 
elements in the genus Drosophila. — Genetics 26: 517—541. 

SUOMALAINEN, E. 1940. Beitrige zur Zytologie der parthenogenetischen In 
sekten. I. Coleoptera. — Ann. Acad. Sci. Fenn. Ser. A. Tome LIV, No. 7 

Swanson, C. P. 1941. Major coiling and terminalisation of chiasmata in 
Tradescantia. — Genetics 26: 172—173. (Abstr.) (*). 

SWINGLE, W. W. 1917. The accessory chromosome in a frog possessing 
marked hermaphroditic tendencies. — Biol. Bull. 33: 70—79. 

— 1925. Sex differentiation in the Bullfrog (Rana Catesbiana). — Amer. 
Nat. 59: 154—176. 

SAVE-SGDERBERG, G. 1933. The dermal bones of the head and the lateral line 
system in Osteolepis macrolepidotus A. G. — R. Soc. Sci. Uppsala, Nova 
Acta. Ser. IV. Vol. 9, No. 2. 

— 1934. Some points of view concerning the evolution of the vertebrates 
and the classification of this group. — Ark. f. Zool. Bd. 26 A, No. 17: 1—20. 

— 1935. On the dermal bones of the head in Labyrinthodont Stegocephalians 
and primitive Reptilia. — Meddelelser om Gronland, Bd. 98, 3: 5—213. 

— 1936. On the morphology of triassic Stegocephalians from Spitsbergen, 
and the interpretation of the endocranium in the Labyrinthodonta. —- 
Kungl. Sv. Vetensk. Akad. Handl. 16: 1—181. 

TcHou Su. 1931. Etude cytologique sur l’hybridation chez les Anoures. — 
Arch. Anat. Micr. 27: 1—105. 

Upcott, M. 1935. The cytology of triploid and ‘tetraploid Lycopersicum 
esculentum. — Journ. of Gen. 31: 1—19. 

— 1936. The mechanics of mitosis in the pollen tube of Tulipa. — Proc. 
Roy. Soc. London, Ser. B, 121: 207—-220. 

Wapa, B. 1933. Mikrodissektion der Chromosomen von Tradescantia reflexa. 
— Cytologia 4: 222—229. 

— 1937. Mikrurgische Untersuchungen lebender Zellen in der Teilung. V. Die 
Einwirkung des Ammonia-Dampfes auf die Mitose bei den Staubfaden- 
haarzellen von Tradescantia reflexa. — Cytologia, Fusm Jub. Vol.: 785—795. 

WALKER, C. E. 1925. The meiotic phase in Triton (Molge vulgaris). — Proc. 
Roy. Soc. London, Ser. B, 98: 29—41. 

VALLEN, E. 1942. Beitrage zur Kenntnis der Ontogenie und der vergleichenden 
Anatomie des Schildkrétenpanzers. — Acta Zoologica 23: 1—123. 

VANDEL, A. 1937. Chromosome number, polyploidy and sex in the animal 

kingdom. — Proc. Zool. Soc. London, A, 107: 519—541. 














196. 


201. 





DIPNOI, URODELA, ANURA, AND EMYS 345 





Watson, D. M. S. 1940. The origin of frogs. — Trans. Roy. Soc. Edinb. LX, 
Part 1: 191—231. 
WESTERGAARD, M. 1940. Studies on cytology and sex determination in poly- 
ploid forms of Melandrium album. — Dansk Bot. Ark. 10 (5): 1—131. 
White, M. J.D. 1934. The influence of temperature on chiasma frequency. — 
Journ. of Gen. 29: 203—215. 

— 1936. Chiasma-localisation in Mecostethus grossus L. and Merioptera 
brachyptera L. (Orthoptera). — Zeitschr. f. Zellforsch. und mikr. Anat. 
24: 128—135. 

— 1940. The heteropycnosis of sex chromosomes and its interpretation in 
terms of spiral structure. Journ. of Gen. 40: 67—82. 

WickBoMm, T. 1941. The sex chromosomes of Cyprinodontidae and of Teleosts 
in general, with a list of new chromosome numbers in Cyprinodontidae. — 
Ark. f. Zoologi, Bd. 33 B, No. 10: 1—6. 





— 1943. Cytological studies in the family Cyprinodontidae. — Hereditas 
XXIX: 1—24. 
WINTREBERT, P. 1922. La voute palatine des Salamandridae. — Biol. Bull. 


France et Belg. 56: 275—426. 
Wirscut, E. 1922. Chromosomen und Geschlecht bei Rana temporaria. — 
Zeitschr. f. ind. Abst.- u. Vererb.-Lebre 27: 253—255. 


— 1923. Uber die genetische Konstitution der Froschzwitter. — Biol. Zbl. 
43: 883—96. 

— 1924. Die Entwicklung der Keimzellen der Rana temporaria L. I. Ur- 
keimzellen und Spermatogenese. — Zeitschr. f. Zellen- u. Gewebelehre 


1: 528—561. 

— 1929. Studies on sex differentiation in Amphibians. III. Rudimentary 
hermaphroditism and Y-chromosome in Rana temporaria. — Journ. exp. 
Zool. 54: 157—223. 

— 1933. Contribution to the cytology of Amphibian germ cells. I. Chromo- 
somes in the spermatocyte divisions of five north American species of 
toads. — Cytologia 4: 174—181. 

Wu, J. S. 1938. Chromosome behaviour in three species of grasshoppers. — 
Cytologia 9: 334—346. 

YamMAHA, G. 1935. Uber die pH-Schwankung in der sich teilenden Pollen- 
mutterzelle einiger Pflanzen. — Cytologia 6: 523—526. 

— 1938. Uber die Ionenkonzentration des Antherenschleimes bei Lilium- 
Arten. — Proc. Imp. Acad. Tokyo, 14: 8i—82. 

OSTERGREN, G. 1944. Colchicine mitosis, chromosome contraction, narcosis 
and protein chain folding. — Hereditas XXX: 429—467. 


Hereditas XXXI. 








346 


TORSTEN WICKBOM 








CONTENTS. 

Page 
SR EEISMREOE eshiacee YS ose ty minis inicls cu cis ee oe ate SEES Le Beant hols Vado 241 
PRREPIRE UNG ETESER MNMENARNN SN 65 catego wields nos 4 ew the Ga eo reinS HT Oe Tee eR os CN ORNS 242 
EOMMEIED EER ris oer ctsercieis isa s ome ate cinco Gis ie else aveie's Ss ciare least biart tase biewiele Chace oie 246 
i. Without special experimental treatment ....26. 2.66.00. 00505 ode dice acd vases 246 
EON OR oBLY ORES E 4e ashe tad She ee eae ce Nee ees 246 
Abnormal chromosome numbers .............. fee ey eee re 262 
BS! PRINOMES Bure ccse AnG Toe nig Ne ipcoto tens o wis ois 9 alas os Glalaie c.«. Gi EeMinben SPER Ue tiegrs 262 
PPE RRIBIBNEES 6.55 oes 5 ict Giecsee Ns AUpis ake Sato nla RIS SUH MUS SG we RstbNs RRS eS Scale TSTMS 262 
Chiasma frequency and localization. (Diploid species) ............ 266 

The connection between chromosome (arm) length and chiasma 
JST TLD ie a ana AP A Pee OPP Re egy So eg ar 271 
B3 PSPNTANIGL- MRR ONOR OME PUTEDETS 55 ois ies 5 55 65 BE SG sions Os Soe Seo 288 
oar RANEINNEN AMS noo Wie wists sos ote Ors Wiehe Figen 2 a gas a aivetoweale eS 288 
Se REPU MINER Rt eo Sarstots Data, Shins Sie we wae MN RAW sw states iss pere'e Sy hie Saas 293 
Pa MIRED E MARRERO OMNOBEIS 15005 Y 15g 4) uc. 95636) o. ss wists iam. sce Blo wlewisslo as Wes 6 eo" 293 
a. The connection between chiasma frequency and temperature ...... 293 
ieMtes REUNNS MMNRION UNNI 555 rng 795 9 os soca vsily oie los 6/8146 ipsa ¥eo ea oP 3 WE Hae hs whee ei 293 
STR INI So foo) ses Rien ac hs. o.4.0 9 wie ewes e aerate es stewie oes ers 299 
2; GreRMARANSOD MOL INE DRIASIAIA: «oc 5s. 5.2 eee Sins see hs bees sosieys 306 
CL ee ee eee ee tet ern Rea ee 307 
d. Inactivation of the spindle and inhibition of division .............. 307 
Parte pOMATRONINEEREEN ss rel init icie Ss as Ghia te. 5 tags ei ic'eis aS ahs, ties Bpavetaleuseeo.a.e 307 
B. Colchicine tests and the question of polyploidy in Urodela and Anura .. 309 
CEA NDRMMED DADE? PR RIORMNENS ova ss 5. 5: mee 5,0 > © 8 fie wie inw hiwibss Inieiy's. #1 w tie Ny ov6 8.08 314 
St oe ERRIDR TEED MDE UMERR ORIN MEDS. 75/510) a. =m 2145 ,4.6 Sinisa ere wie hee oes we ales 0.6 314 
Bie CS SE Reg Oa] Cee Gog enon MDE RS er eae Se rr 317 
Dee CTE Ty ES RIGS ie eT SY SOROS CEM aT Ene Rese 318 
III. The ‘sex chromosomes in Dipnoi, Urodela, Anura, and Emys .............. 320 
Sy SemNet eas isn ys io wis sme a ors 4 bs Vero ele woo ale etal e's wean wise 324 
PAC MRMEAAA A MPERIRELISEDS 5.5/5. 5b. wie! o's 91s sib lb © 6a 05 46:41 we ea pie ol bls:e ese eine Oslin bi 9s 331 
TTL PSE Se eR SU ae ES ae IR rE pA ns ria Smear ay eT 332 
ERSMAUIIA MAN NBOS ——IND Goose cay sacs o's 60iv wie see oo bie's oe eis Give bose emis 336 
336 


POUR EANNE MANUS TEPIEINEG cock coe Fae eure deer ics ier tartan lansgoh iS: xis Gee MOA aS GIS RISO o aase As 

















DIE KOPPELUNGSGRUPPE N—Z—Fa—Td 
VON PISUM 


vON HERBERT LAMPRECHT 


SAATZUCHTANSTALT WEIBULLSHOLM, LANDSKRONA 


(With a Summary in English) 





EINLEITUNG. 


iy Wirkung der vier in der Uberschrift genannten Gene N, Z, Fa 
und Td kann folgendermassen charakterisiert werden. 

Das Gen N beeinflusst sowohl Form, Beschaffenheit wie Lange 
und Breite der Hiilse (vgl. MEUNISSIER, 1918; WELLENSIEK, 1925; 
E. NILSSON, 1929; LAMPRECHT, 1938). N zeigt anscheinend vollkom- 
mene Dominanz iiber n. N-Hiilsen sind je nach ihrer tibrigen geno- 
typischen Konstitution: stumpf und gerade=BtCp, stumpf und 
gekrimmt = Btcp, spitz und gerade=btCp sowie spitz und ge- 
kriummt = bt cp. n-Pflanzen haben stets mehr oder weniger spitze 
und gekriimmte Hiilsen, ganz gleichgiiltig ob sie in den Genen Bt und 
Cp dominant oder rezessiv sind. Das rezessive Gen n ist demnach in 
seiner Wirkung gegentiber der der Genpaare Bi—bt und Cp—cp 
epistatisch. Die Starke der Kriimmung von n-Hiilsen ist jedoch stark 
abhaingig von ihrer Lange; kurze, 4—5 cm lange Hiilsen sind fast 
gerade, 10—12 cm lange Hiilsen sind starker gekriimmt als N cp- 
Hiilsen gleicher Lange. 

All dies gilt bei gleichzeitiger Dominanz in Gen Con. N con-Hiilsen 
sind konvex gekriimmt, ncon-Hiilsen sind gerade. Das Gen con hebt 
also, zum Unterschied von cp, die durch n bedingte Kriimmung der 
Hiilsen auf. N-Hiilsen haben normaldicke, n-Hiilsen etwa doppelt so 
dicke Wand. Im Zusammenhang hiermit sind n-Hiilsen stets voll und 
schén gerundet, gleichgiiltig ob es sich um Kneifel- oder Zuckererbsen 
handelt. Charakteristisch ist ferner fiir n-Hiilsen die vom Stiel an viel 
allmahlicher zunehmende Breite als bei N-Hiilsen, die gleich ihre 
grésste Breite erreichen. Schliesslich sind n-Hiilsen stets kiirzer als 
N-Hiilsen von im iibrigen gleicher genotypischer Konstitution. Ganz 
analog ist bei n-Hiilsen der Abstand von der Riicken- zur Bauchnaht 
geringer als bei N-Hiilsen. Es ist daher unméglich n-Hiilsen mit der 
grossen Breite von gewissen N-Hiilsen entsprechendem Durchmesser zu 
erhalten. Schliesslich bedingt die Anwesenheit von Membran (PV) in 
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n-Hiilsen eine Verkiirzung und damit weniger starke Kriimmung und 
weniger spitzes Ende derselben. Da n-Hiilsen beim Versuch sie zu 
biegen gleich Brechbohnen abbrechen, werden n-Sorten als Brech- 
erbsen bezeichnet. 

Das Gen Z ist als ein Grundgen fiir die Ausbildung der Teilfarbig- 
keit der Testa aufzufassen (vgl. LAMPRECHT und AKERBERG, 1939). Bei 
Z-Pilanzen ist die Testa, sofern diese iiberhaupt gefarbt ist (Gen A), in 
ihrer Ganze farbig. Bei A z-Pflanzen ist die Testa in verschiedener 
Weise teilfarbig. Fiir die Ausbildung der verschiedenen Teilfarbigkeit 
sind bisher die Gene Mp, Dem, Cal, Lob und Pal festgestellt worden 
(H. und O. TEDIN, 1928; LAMPRECHT und AKERBERG, 1939). Bei ge- 
wissen Kombinationen der rezessiven Allelen dieser Gene wird die 
Testafarbe ganz ausgeléscht, wodurch Samen resultieren, die von sol- 
chen der Genkonstitution aa nicht unterschieden werden kénnen. 

Das durch das Genpaar Fa—/fa bedingte Eigenschaftspaar, gewohn- 
licher runder bzw. fasciata-Stamm, war schon MENDEL (1865) bekannt. 
Fa ist vollkommen dominant. fa-Pflanzen von Pisum scheinen stets 
mehr oder weniger deutlich fasziierten Stamm zu besitzen; nur bei 
schwach entwickelten Pflanzen (namentlich bei dichtem Bestand) ist 
das fa-Merkmal mitunter wenig, nur an einem der obersten Internodien, 





oder gar nicht ausgebildet. 

Das Gen Td schliesslich bedingt in seiner dominanten Form ge- 
zahnte, in seiner rezessiven ganzrandige Blattchen. Eine zahlenmassige 
Analyse der Spaltung gezihnte : ganzrandige Blattchen scheint bisher 
nicht ver6ffentlicht zu sein. SuTTON (1913, S. 359—361) kreuzte eine 
in Palastina wildwachsende, purpurbliitige Erbse mit gezihnten Blatt- 
chen mit einer weissbliitigen »Speiseerbse» mit ganzrandigen Blattchen. 
Uber F, und F, wird nur gesagt: »Die Zihnung der Blaittchen in modi- 
fizierter Form trat bei den F,-Pflanzen allgemein auf, wahrend sie bei 
einigen F.-Pflanzen fehlte». Zahlen fiir die Aufspaltung werden nicht 
mitgeteilt. Auch E. v. TSCHERMAK (1919) kreuzte eine Erbsensorte mit 
gezahnten mit einer mit ganzrandigen Blattchen und erwahnt als Er- 
gebnis, dass die Zahnung der Blattchen dominant ist und monofaktoriell 
spaltet. Auch v. TSCHERMAK gibt keine Spaltungszahlen an. WELLEN- 
SIEK (1925 a) schlug fiir das Zahnungsgen das Symbol Td vor. 

Von der zu besprechenden Koppelungsgruppe N—Z—Fa—Td ist 








bisher nur die Koppelung zwischen Z und Fa bekannt gewesen. WINGE 
(1936, S. 348) veréffentlichte fiir diese folgende in zwei Kreuzungen 
erhaltene Spaltungszahlen: 
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702 ZFa: G4 Zfe: 72 2Fa:160 zia 


D/m fiir 
9:3:3:1=> +8a — 10,06 — 9,45 + 13,81 
355 ZFa:151 Zfa:164 zFa: 4 zfa 
D/m fiir 
9:3:3:1= —bke + De -+ 3,69 me, ee 


Die erste Kreuzung entsprach dem Typus Z Fa X z fa und zeigte laut 
WINGE ein Crossover von 15,1 %, die zweite entsprach dem Typus 
Z fa X z Fa und zeigte ein Crossover von 17,7 %. Die erhaltenen Cross- 
overwerte stimmen gut miteinander iiberein. Die Koppelung zwischen 
Z und Fa kann daher als vollkommen gesichert betrachtet werden. 

Auf in der Literatur erwaihnte Koppelungen zwischen den hier in 
Rede stehenden und anderen Genen soll spater eingegangen werden. — 
Vor der Besprechung der Koppelungsuntersuchungen folgt hier zuerst 
eine Analyse der Vererbung des Eigenschaftspaares gezihnte—unge- 
zahnte Blattchen. 


DIE VERERBUNG DER BLATTCHENZAHNUNG. 


Laut den in der Einleitung mitgeteilten Angaben von SUTTON (1913) 
und E, v. TSCHERMAK (1919) ist die Zahnung der Blattchen von Pisum 
eine dominante Eigenschaft. F, war stets gezihnt; Spaltungszahlen fiir 
F, sind noch nicht ver6ffentlicht. 

Die Beurteilung der Zahnung am hier zu besprechenden Material 
erfolgte in Ubereinstimmung mit der in Fig. 1 wiedergegebenen Skala. 
In bezug auf die F:-Generation einer Kreuzung zwischen einer unge- 
zihnten und einer gezihnten Linie hat sich nun herausgestellt, dass 
anscheinend alle Zihnungsgrade von ganz ungezahnt (fd) bis etwa zum 
Zihnungsgrad 6 vorkommen. Die gezihnte Elternlinie zeigte einen 
zwischen 4 und 6 variierenden Zahnungsgrad. Zwecks Klarlegung dieser 
Verhiltnisse wurde der Zahnungsgrad sowohl an einer Reihe von Linien 
wie in Kreuzungen studiert. Hierbei ergab sich folgendes. td-Pflanzen 
haben entweder ganz ungezaihnte Blattchen oder auch solche mit dem 
Zihnungsgrad 1; vereinzelt trifft man auch Pflanzen mit Zahnung 1—2 
oder 1—3. Der Zahnungsgrad 1 bzw. 1—2 und 1—=3 ist solchenfalls 
gewOhnlich an den Blattchen der Stammverzweigungen anzutreffen, 
wihrend die Blattchen des Hauptstammes ganz ungezihnt sein kénnen. 
Die Neigung zur Ausbildung des Zihnungsgrades 1 (und vereinzelt 1—3) 
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ist jedoch bei den einzelnen Linien deutlich verschieden. Fiir gewisse 
Linien wurde wiahrend den letzten vier Jahren nur td, also ganz un- 
gezahnt, vermerkt, andere variierten in der gleichen Zeit von td bis 
1—3, entsprachen aber in der Hauptsache dem Grad 1. 

Von Interesse ist in diesem Zusammenhang das Ergebnis einer 
Kreuzung (Nr. 534) zwischen Linie 608, die bisher stets ganz ungezaihnt 
war, und Linie 576 mit in der Hauptsache Zahnung 1. Die F,-Pflanzen 











5 6 v4 9 


Fig. 1. Die Ziaihnungsgrade der Blattchen von Pisum sativum. (Niheres s. Text.) 


waren durchweg ganz ungezahnt. Die F;-Generation zeigte folgende 
Zusammensetzung: 


Ganz ungezahnt Mit Zahnung 1 (fd—1) Mit Zahnung 1—3 
249 = 58,2 % 160 = 37,4 % 19 4,4 % 





Hierzu ist zu bemerken, dass die Pflanzen mit Zahnung 1 sowie mit 
1—3 iiberdies auch ganz ungezaihnte Blattchen tragen konnten. Auf- 
fallend war in F., dass von den 13 Pflanzen einer Familie, die als 
schwach und kranklich vermerkt worden ist, 6 die Zahnung 1 und 7 
die Zahnung 1—3 zeigten; eine ganz ungezahnte Pflanze gab es also 
iiberhaupt nicht. Die dritte Generation dieser Kreuzung bestatigte, dass 
verschiedene Pflanzen nicht dieselbe Tendenz zur Ausbildung der 
Zahnung 1 (td—1) bzw. 1—3 besitzen. Es ergab sich folgendes: 
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Nachkommen nach Ganz ungezahnt Mit Zahnung 1 one —* 
ganz ungezahnten Pflanzen: 50 — 76,9 % 13 = 20,0 % y Mais Gay 
Pflanzen mit Zahnung 1: .. 198569 >» 135=—38 3s » 15—4,3 » 


Von den im allgemeinen schwacheren Pflanzen mit Zahnung 1—3 wur- 
den keine Samen gesét. Die Tendenz zur Ausbildung ganz ungezahnter 
Blattchen ist unter den Nachkommen von F,-Pflanzen mit solchen Blatt- 
chen deutlich grésser als unter solchen mit dem Zahnungsgrad 1. 

Die mitgeteilten Ergebnisse scheinen mir aus dreierlei Griinden 
dafiir zu sprechen, dass bei Pflanzen der Konstitution td td der Zah- 
nungsgrad 1 und vereinzelt 1—3 hauptsachlich im Zusammenhang mit 
erblich oder modifikativ bedingter geringerer Vitalitét auftritt. Erstens 
tritt diese schwache Zahnung hauptsiachlich auf den Stammverzwei- 
gungen auf, die nicht dieselbe volle Wuchskraft haben wie der Haupt- 
stamm. Zweitens wurde diese schwache Zahnung an F,-Pflanzen, die 
zufolge Heterosiswirkung fast stets grosse Vitalitat aufweisen, nicht beob- 
achtet trotzdem der eine Elter haufig den Zahnungsgrad 1 aufwies. Und 
drittens zeigten von den Pflanzen einer als schwach und kranklich 
vermerkten Familie der oben erwahnten Kreuzung Nr. 534 etwa zur 
Halfte den Zahnungsgrad 1 und zur Halfte 1—3, wahrend ganz un- 
gezihnte Individuen tiberhaupt nicht vorkamen. 

Das vorstehend Angefiihrte spricht dafiir, dass die im allgemeinen 
ungezahnten td-Pflanzen — im Zusammenhang mit erblich oder modi- 
fikativ bedingter geringerer Vitalitat auch den in Fig. 1 abgebildeten 
Zahnungsgrad 1 bzw. vereinzelt (1—)3 aufweisen kénnen. Diese 
schwache Zahnelung kommt solchenfalls vorzugsweise auf den Stamm- 
verzweigungen vor. Td-Pflanzen von Pisum sativum zeigen im allge- 
meinen den Zahnungsgrad 4—6, mil einer ab und zu vorkommenden 
Variation bis zu 3 und 7. Auch ein stark gezihnter Typus vom Grad 
8—9 kommt vor. Bei diesem sind, wie Fig. 1 zeigt, die Zahne auch 
spitzer. Die Vererbung dieses Typus, der mit der Zahnung von 
P. abyssinicum iibereinzustimmen scheint (s. v. ROSEN, 1944, S. 277), 
wird hier nicht zum Gegenstand der Untersuchung gemacht. In meinem 
Kreuzungsmaterial ist dieser Typus bisher zweimal spontan aufgetreten. 
Wahrscheinlich ist er als Mutation aufzufassen und kénnte solchenfalls 
durch ein drittes Allel des Genpaares Td—td bedingt werden. 

Es folgen nun die Ergebnisse von drei Kreuzungen, in denen das 
Genpaar Td—td spaltete, und die mit Beriicksichtigung des oben Mit- 
geteilten beurteilt worden sind. 
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Kreuzung Nr. 229: L. 20 * L. 207. — Linie 20 stammt aus der 
diinischen Ackererbse Glaené mit ganz ungezahnten Blattchen. Linie 
207 stammt aus der bekannten Kneifelerbse Petit Provencal (= Phano- 
men, Fenomen) mit gezihnten Blattchen (gewéhnlich Grad 5 laut 
Fig. 1). Sie ist iiberdies in einem Gen fiir Chlorophyll (xantha) hetero- 
zygot. Die Pflanzen der F,-Generation zeigten normale Zahnung, die 
der des einen Elters, Linie 207, entsprach. F: gab das folgende Spal- 
tungsverhaltnis in bezug auf Zahnung: 


514 Td : 180 td mit D/m fiir 3 : 1 = + 0,57. 


Die Spaltung ist einwandfrei monohybrid mit einem unbedeutenden 
Uberschuss an Rezessiven (6,5 Individuen). 

Kreuzung Nr. 233: L. 58 & L. 234. —- Linie 58 stammt aus der 
deutschen rotbliitigen Zuckererbse Graue Posthérnchen und hat unge- 
zahnte Blattchen mit einer Variation von td bis 1—3. Linie 234 hat 
normal gezihnte Blattchen (5—6) und ist iiberdies im Gen Ast dominant 
(Naheres s. LAMPRECHT, 1937). Die F,-Pflanzen hatten wiederum nor- 
mal geziahnte Blattchen (4—5—6) und in F, wurde folgende Spaltung 
beobachtet: 


352 Td: 128 td mit D/m fiir 3:1 = + 0,81. 


Das Ergebnis entspricht in allen Hinsichten dem in der vorigen Kreu- 
zung Nr. 233 gefundenen. 

Kreuzung Nr. 258: L.6 X L. 20. — Linie 6 reprasentiert den schon 
von MENDEL erwahnten »umbellatum»-Typus mit fasciata-Stamm und 
lathyrus-farbigen Bliiten (A Arb). Linie 20 s. oben unter Kreuzung 
229. Die F,-Generation zeigte wiederum normale Zahnung (5—6) und 


die F, ergab folgende Spaltung: 

347 Td : 132 td mit D/m fiir 3:1— + 1,29. 

Bei Vereinigung der Spaltungszahlen aller drei Kreuzungen ergibt 
sich: 


1213 Td : 440 td mit D/m fiir 3: 1—= + 1,22. 


Auffallend ist hier, dass in allen drei Kreuzungen ein kleines Plus 
an Rezessiven vorhanden ist. Wahrscheinlich ist diese Erscheinung 
dadurch bedingt, dass einige wenige td-Pflanzen in jeder Kreuzung mit 
dem Zahnungsgrad 3 beurteilt und so den Td-Pflanzen zugerechnet 
worden sind. Auf die nun zu besprechenden Koppelungserscheinungen 
hat dies jedoch keinen Einfluss von Bedeutung. 
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DIE KOPPELUNGSGRUPPE N—Z—Fa—Td. 


Die Berechnung des Crossoverprozentes erfolgte stets nach der 
bekannten Produktmethode. Eine vorherige Korrektur auf das mono- 
hybride 3: 1-Verhaltnis fand in keinem Fall statt, da sich die Werte 
hierdurch nicht um mehr als héchstens 0,5 % Crossover geaindert haben 
widen, also eine Abweichung, die weit unter der Grésse der mittleren 
Fehler der Crossoverprozente liegt. Die Berechnung der mittleren 
Fehler erfolgte mit der von STERN (1933) hierfiir umgearbeiteten 
ImMMERschen Tabelle (1930). Fiir unerlisslich halte ich bei Koppelungs- 
studien die Angabe der je Kreuzung gesaiten Samen und die aus diesen 
erhaltene Anzahl in jeder Hinsicht beurteilbarer Pflanzen. Nur hier- 
durch und im Zusammenhang mit der statistischen Sicherheit der er- 
haltenen Koppelungsverhialtnisse kann sich namlich der Leser ein Urteil 
uber den Wert der ver6ffentlichten Zahlen bilden. Denn wenn z. B. 
in einer Kreuzung ein Drittel der F,-Samen sich nicht zu beurteilbaren 
Individuen entwickelt, so kann dann keine statistische Methode der 
Welt mehr klarlegen, welche Genotypen die diesen nichtentwickelten 
Samen entsprechenden Pflanzen reprasentiert haben wiirden. — Von 
einer Angabe der P-Werte fiir die erhaltenen Spaltungsverhaltnisse sehe 
ich ab, da diese die Wahrscheinlichkeit fiir die Ubereinstimmung mit 
den erwarteten Verhaltnissen in viel roherem Grade angeben als die 
D/m-Werte. 

Kreuzung Nr. 60: L.6 X L. 110. — Linie 6 ist schon oben als 
lathyrus-blitiger umbellatum-Typus erwahnt worden. Linie 110 stammt 
aus der Brecherbse Kungs (aus Roi des Gourmands) und hat, soweit 
dies hier von Interesse ist, die Genenformel am BnFav. Die Formel 
von L.6 ist entsprechend AMbNfaV. F, zeigte die erwartete Do- 
minanz in diesen sechs Genen. Semi- oder partielle Sterilitat ist in 
Kr. 60 nicht aufgetreten. F, wurde 1935 mit 500 Samen gesat, die 452 
beurteilbare Pflanzen gaben, und 1936 gaben weitere 500 Samen 470 
beurteilbare Individuen. Da die Ergebnisse der beiden Jahre nicht von- 
einander abweichen, werden die Zahlen unten gemeinsam behandelt. 
An einfachen Genspaltungen wurden erhalten: 





735 Fa: 187 fa mit D/m fiir 3 : 1 —=— 3,31 
105 N 2217 nh >» » » > == 08 
698 A :224 a » » » » == —— (49 
690 M :232 m » » » > = + On 
721. VV 220i v » > » > =—2,% 
540 B :158b » >» » » ==—1,4 (nur A-Individuen). 


24 





Hereditas XXXI. 
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Von diesen monohybriden Spaltungsverhaltnissen sind die in den 
Genen N, A, M und B als ungestoért zu betrachten. Die beiden Genpaare 
V—»v und Fa—/a zeigen dagegen ein deutliches Defizit an Rezessiven. 
Bei den v-Pflanzen ist dieses in der Hauptsache auf die in Kreuzungs- 
material stark erhéhte Mutationsfrequenz von v-— V zuriickzuftihren 
(vgl. LAMPRECHT, 1941). In bezug auf fa-Pflanzen ist schon in der Ein- 
leitung hervorgehoben worden, dass der fasciata-Stamm bei schwach 
entwickelten Individuen mitunter nur an einem einzigen héheren Inter- 
nodium oder tiberhaupt nicht zutagetritt. Das Defizit an fa-Pflanzen 
ist sicherlich hierdurch bedingt. Bei den folgenden Zahlenverhaltnissen 
fiir die Zweigenenspaltungen sind daher die D/m-Werte fiir Spaltungen, 
an denen Fa bzw. V teilnehmen, nicht direkt sondern nach Korrigierung 
auf Grund der monohybriden Spaltungen berechnet. 


Gefunden: 512 FaN:210 Fan:180 nFa: 7 fan 
Erwartet laut 


mon. Sp. 562,0 28980; 29 cdaso » sho: >» 
D/m fiir 

0:3:3-:i-<--—2e +. 3,12 + 3,12 ~~ es 
Gefunden: 550 FaA:185 Faa:148 faA:39 faa 
Erwartet: BIB. » 217267 » <172:07 >» +5702 -> 
D/m fiir 

9:3:3:1= —0 + 0,55 + 0,55 — 0,88 
Gefunden: 534. FaM:201 Fam:156 faM:31 fam 
D/m fiir 

9:3:3:1=>= —10 + 1,36 + 1,36 a. 
Gefunden: 581 FaV:154 Fav:140 faV:47 fav 
D/m fiir 

9:3:3:1=—- +0, — 0,52 — 0,52 + 0,81 
Gefunden: 428 FaB:122 Fab:112 faB:36 fab 
Erwartet: 392,622 » :130,87 » :130,87 » :43,62 » 
D/m fiir 

9:3:3:1= +0,19 — 0,24 — 0,24 + 0,39 
Gefunden: 530 NA:175 Na:168 =nA:49 na 
D/m fiir 

0:3:3:1= +02 + 0,18 i ie 
Gefunden: 526 NM:179 Nm:164 nM:53 nm 
D/m fiir 


9:3:3:1= +049 + 0,52 — 0,75 — 0,63 
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Gefunden: 555 NV:150 Nv:166 nV:51 anv 


D/m fiir 

9:3:3:1=> +0, — 0,31 — 0,31 + 0,50 
Gefunden: 410 NB:120 Nb:130 nB:38 nb 
D/m fiir 

9:3:3:i1= + 1,3 mes BS — Ge — Oe 
Gefunden: 534 AM:164 Am:156 aM:68 am 
D/m fiir 

9:3:3:1=> +1 — 0,75 a + 1541 
Gefunden: 5389 AV: 159 Av <:182 @V:42 av 
D/m fiir 

9:3:3:1=> —04 + 0,57 +057 —0,2 
Gefunden: 416 BM:124 Bm:118 bM:40 bm 
D/m fiir 

9:3:3:1= +1, — 0,67 anak Eee —~ Oie 
Gefunden: 527 MV:163 Mv:194 mV:38 mv 
D/m fiir 

9:3:3:1= —0,s1 + 1,06 + 1,06 ne 


Fiir die Gene der obigen Spaltungsverhiltnisse ist bisher sichere 
Koppelung nur zwischen B und M nachgewiesen. Diese beiden geben 
allerdings stets einen Crossoverwert von etwa 50 %, aber ihre Koppe- 
lung ist durch mehrere im gleichen Chromosom zwischen ihnen gelegene 
Gene (F, Mp, St, Gl u. a.) vollkommen gesichert. Von den gefundenen 
Zweigenenspaltungen zeigt nur eine Koppelung mit voller Sicherheit 
an, nimlich die fiir die beiden Gene Fa und N. Aus dem gefundenen 
Spaltungsverhaltnis ergibt sich fiir die Gene Fa und N ein Crossover- 
prozent von 20,9 + 3,12. 

Da WINGE, wie schon einleitend hervorgehoben, zwischen Z und Fa 
eine Koppelung mit etwa 16 % Crossover festgestellt hat, war es von 
Interesse eine Kreuzung zu studieren, in der die drei Gene Fa, N und Z 
gleichzeitig spalten und an der N und Fa womédglich in der Koppelungs- 
phase teilnehmen. Meine Kreuzung Nr. 468 erfiillte diese Vorausset- 
zungen. 

Kreuzung Nr. 468: L. 490 X L. 560. — Linie 490 stammt aus F; 
der vorstehend beschriebenen Kreuzung 60 und hat, soweit dies hier 
von Interesse ist, folgende Genenformel: a b Z Gp Cp V n fa FI. Linie 560 
stammt aus F; von Kreuzung 256. Diese wurde ausgefiihrt zwischen 
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L. 20 aus Glaen6 (s. 0.) und L. 241 aus der deutschen Zuckererbsensorte 
Goldfahnchen: aZ Legpcpv. Linie 560 hat folgende Genenformel: 
ABzgpcpuvNFajl. Fy, von Kr. 468 zeigte die laut diesen Formeln 
erwarteten dominanten Eigenschaften. Semi- oder partielle Sterilitat 
ist in dieser Kreuzung nicht vorgekommen. Zu F, wurden 500 Samen 
gesit, die 451 voll beurteilbare Pflanzen entwickelt haben. An ein- 
fachen Genspaltungen wurden erhalten: 


368 Fa: 83 fa mit D/m fir 3 :1—=—— 3,21 
350 N :101 n » »  » >» ==— 1,28 
2432 : 86 z » » » =+ 11 
g3a0 A 2-112 a » » » = — 0,08 
254 B : 85 b . > » =+- 0,03 
325 Gp:126 gp » » » = 1,44 
274 Cp: 76 cp » » > » =—1 42 
350 V :101 v >» » » ees 
337 Fl :114 fl » + > mei 


Von den vorstehenden monohybriden Spaltungsverhaltnissen er- 
scheint nur eines, nimlich das im Genpaar Fa—fa, gestért. Gleichwie 
in Kreuzung Nr. 60 besteht hier ein deutliches Defizit an Rezessiven, 
indem etwa 30 fa-Pflanzen zu wenig gefunden wurden. Die Ursache 
hierfiir diirfte stets dieselbe sein: schwachliche Pflanzen bilden keinen 
fasciata-Stamm aus. Die folgenden D/m-Werte sind daher fiir alle 
Spaltungen mit Fa unter Beriicksichtigung der monohybriden Spal- 
tungsverhiltnisse korrigiert. Wo dies ausserdem geschah, wurde es 
durch Hinzufiigen von (korr.) angegeben. Fiir die Spaltung in Z und 
B kommen natiirlich nur A- und fiir die in Cp nur N-Individuen in 
Betracht. Eine eventuelle Béeinflussung der Ergebnisse hierdurch ist 
wegen der klaren monohybriden Spaltung der Gene A und N nicht zu 


befurchten. 

Gefunden: 310 FaN:58 Fan:40 faN:43 fan 
Erwartet 

laut mon. Sp. 285.6 » :824 » :644° » 2186 ° » 
D/m_ fiir 

6:3-3:1— + 2,32 as — 2,95 + 4,75 
Gefunden: 188 FaZ:92 Faz:55 faZ: 4 faz 
Erwartet 

laut mon. Sp. 2005 -> :702-->-:422 » 216s ..» 
D/m fiir 


9:3:3:1= — 1 + 1,7 + 1,78 —— 997 
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Gefunden: 
Erwartet 


laut mon. Sp. 


D/m fiir 
Vira 2. 
Gefunden: 
Erwartet 


laut mon. Sp. 


D/m fiir 
skies } Ses gs Ug — 
Gefunden: 
Erwartet 


laut mon. Sp. 


D/m fiir 

TBS Se flee bee 
Gefunden: 
Erwartet 


laut mon. Sp. 


D/m fiir 
Po 
Gefunden: 
Erwartet 

laut mon. Sp. 
D/m fiir 

ESS fests begs [ee 
Gefunden: 
Erwartet 

laut mon. Sp. 
D/m fiir 

O aeons 
Gefunden: 


Erwartet: 
D/m fiir 


9:3:3:1(korr.) 


Gefunden: 
Erwartet: 
D/m fiir 
9:3:35:i1= 





280 FaA:88 Faa:59 faA:24 faa 
ote 9° SOR. > PERS: > 5 206s 


+ 0,32 — 0,41 — Oar + 0,66 


212 FaB:68 Fab:42 faB:17 fab 
20938 » 3702 » 3842 +» 21438 


+ 0,25 — 0,33 iiss + 0,50 
273 FaGp: 95 Fagp:52 faGp:31 fagp 


265,2 »  +:102,5 » 35938 + Dao 
+ 0,74 ——/0i94 — Oine Syed hy: 


246 FaCp:64 Facp:28 faCp:12 facp 
242.7 EGS SSNs > 5 187 


+ 0,35 — 0,45 — 0,45 + 0,73 
290 FaV:78 Fav:60 faV:23 fav 


285,5 > 3625 » 2 64,5 » “TES » 


+ 0,43 — 0,54 — 0,54 + 0,88 
278 FaFl:90 Fajfl:59 faFl:24 fajl 


275,0 » [Geo 5% “S620 <->» *2io 
+ 0,28 — — 0,36 + 0,58 


162) NZ 29f - N28) ne: 2 nz 
190,69 » :63,56 » :63,56 » : 21,19 » 


— 2.5 +299 + 2.99 — 4,82 


256 NA:94 Na:8 nA:18 na 
253,69 » : 84,56 » : 84,56 » :28,19 » 


+ 0,22 + 1,26 -=— (j19 = tes 
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Gefunden: 

D/m fir 

es Fes ee 
Gefunden: 

D/m fiir 
9:3:3:1(korr.)= 
Gefunden: 

D/m fiir 
9:3:3:1(korr.)= 
Gefunden: 

D/m fiir 


190 NB:66 Nb:64 nB:19 nb 


— 0,07 + 0,34 + 0,06 —O,49 
259 NGp:91 Ngp:66 nGp:35 ngp 


+ 0,65 — 0,32 — 0,82 + 1,32 


zie NV:72 Nve:72 nv :39 xno 


+ 0,61 —O7 —O0n + 1,2 
260 NFI:90 Nfl:77 nFl:24 nfl 


ES eds ee lee + 0,60 + 0,66 1) 01 — 0.82 
Gefunden: 182 DB O61 2Zb:72 'zB224 2b 
D/m fiir 

9:3:3:1= — 0,95 — 0,36 + 1,17 + 0,63 
Gefunden: 174 ZGp:69 Zgp:68 z2Gp:28 zgp 
D/m fiir 

9:3:3:1=— outa + 0,76 + 0,63 + 1,53 
Gefunden: 116 ZCp:46 Zep:77° zCp:17 zep 
D/m fiir 

9:3:3: 1(korr.)=— 0,76 + 0,96 +- 0.96 a 2 
Gefunden: ISG 2 257 Cw ese 2V 214. zo 
D/m fiir 

9:3:3 £1 (korr.)= — 0,¢7 + 0,3 + 0,3 —is 
Gefunden: 179 Z2Fi:G4 Zfl:76 zFi:21 cil 
D/m fiir 

9:3:3:1= —is -- 0,06 + 1,59 — 0. 
Gefunden: 242 AGp:97 Agp:83 aGp:29 agp 
D/m fiir 

9:3:3:1= — ta + 1,50 — 0,19 + 0,16 
Gefunden: 194 ACp:62 Acp:80 aCp:14 acp 
D/m fiir 


VES Jos at) en 
Gefunden: 
D/m fiir 
Sco. 


a — 0,50 + 1,97 won 995 


268 AV:71 Av:82 aV:30 av 


+i: —ie' —0O, + 0,35 
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Gefunden: 
D/m fiir 
Ore San b= 
Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


Gefunden: 
D/m fiir 

(| oes ARS Sa Ye 
Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


Gefunden: 
D/m fiir 
9233 
Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


Gefunden: 
D/m fiir 


O33 2 1 (kerr) 


Gefunden: 
D/m fiir 
SS EIS eg Wee 
Gefunden: 
D/m fiir 


9:3:3:1(korr.)= 


254 AFI:85 Ajl:83 aFl:29 afl 


+ 0,03 + 0,05 
187. BGp:67 


—= 0:19 + 0,16 


Bgp:55 bGp:30 bgp 


+ 1,28 
bCp:17 


+ 0,62 — 0,79 — 0,79 


144 BCp:46 Bcp:49 b cp 


+ 0,26 
Bo:63 bV=22 byw 


+ 0,00 + 0,16 


205 BV:49 


— 0,32 





+ 0,46 — es  —Oh + 0,94 

188 BFI:66 Bfl:66 bFI:19 bfl 

— 0,29 + 0,31 + 0,31 — 0,49 

230 GpCp:29 Gpcp:44 gpCp:47 gpep 
+ 2,93 3,72 — in + 5,99 

256 GpV:69 Gpv:94 gpV:32 gpv 


+ 0,36 — 0,46 — 0,46 + 0,74 
235 GpFI:90 Gp/jfl:102 gpFl:24 gpfl 


—— Oia + 0,94 + 0,94 a fh 
212 CpV:62 Cpv:66 cpV:10 cpv 
— 0,60 + 0,77 + 0,77 nn 

199 CpFIl:75 Cpfl:61 cpFl:15 cpfil 
+ 0,23 + tas — 0,63 — 1,52 


281 VFI:69 V/fl:56 vFI:45 ovfl 


+ 1,85 — —_— + 3.79 


Von den vorstehend mitgeteilten Zweigenenspaltungen von Kreu- 


zung 468 zeigen fiinf sichere Koppelung an. 
die Genpaare Fa—N, Fa—Z, N—Z, Gp—Cp und V—FI. 


Diese beziehen sich auf 
Die Spaltungs- 
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verhaltnisse der tibrigen 28 Kombinationen von Genen zeigen keine 
Koppelung an. Diese Genspaltungen sowie die beiden Koppelungs- 
gruppen Gp—Cp und V—-FI! sollen erst spater gemeinsam mit ent- 
sprechenden Ergebnissen der tibrigen Kreuzungen besprochen werden. 

Fiir die Koppelung zwischen den Genen Fa und N wurde friiher 
in Kreuzung 60 (922 Individuen; Repulsionsphase) ein Crossoverprozent 
von 20,9 + 3,12 festgestellt. In die vorliegende Kreuzung 468 sind diese 
beiden Gene in der Koppelungsphase eingegangen. Eine Berechnung 
des Crossoverprozentes fiir Fa—wN ergibt hier 27,8 + 2,56. Diese beiden 
Werte sind mit Hinblick auf die Fehlergrenzen noch gut miteinander 
zu vereinigen. Gestiitzt auf die Ergebnisse der beiden Kreuzungen 
Nr. 60 und 468 dirfte anzunehmen sein, dass der Crossoverwert fiir 
Fa—N bei etwa 25 % liegt. 

Fir die Koppelung zwischen N und Z, die hier zum erstenmal 
untersucht worden ist, ergibt sich ein Crossoverwert von 14,8 + 5,30 %. 
Fiir die beiden Gene Fa und Z hat WINGE (I. c.) in der Koppelungsphase 
(laut meiner Berechnung) einen Wert von 15,0 + 1,23 % und in der 
Repulsionsphase einen solchen von 16,5 + 3,72 % gefunden. In der vor- 
liegenden Kreuzung Nr. 468 berechnet sich der entsprechende Koppe- 
lungswert zu 25,0 + 5,03 %. Mit Hinblick auf den ziemlich grossen mitt- 
leren Fehler der letzteren Bestimmung diirfte auf Grund der bisher vor- 
liegenden Zahlen fiir Fa—Z ein Crossoverwert von ctwa 18 % anzu- 
nehmen sein. 

Die oben besprochenen Ergebnisse berechtigen zu einer sicheren 
Vereinigung der drei Gene N, Z und Fa in eine Koppelungsgruppe. Die 
Ordnungsfolge dieser Gene und ihre gegenseitigen Abstande, ausge- 
driickt durch die Crossoverprozente, entsprechen wahrscheinlich der 
folgenden: 


—— ) oo on | a 
We a 


Kreuzung Nr. 258: L.6 X L. 20. — Beide diese Linien sind schon 
friiher beschrieben worden. Mit Hinblick auf die genotypische Kon- 
stitution ist die Kreuzung zu schreiben: L. 6, faZbDFITd X L. 20, 
Faz B D” fl td. 

F, zeigte die erwarteten dominanten Eigenschaften. Die Kreuzung 
war normal fertil. In F, wurden 500 Samen gesiat, von denen sich 
472 zu voll beurteilbaren Pflanzen entwickelt haben. Die sechs ge- 
nannten Gene spalteten folgendermassen: 
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359 Fa : 120 fa mit D/m fiir 3:1—-++ 0, 
348 Z oe a » » » » —= -|- 1,19 
346 B :133 b. >» » » 2) Sen eo 
346 DY :183' D > » » _ = 

351 Fl : 128 [l » » » > = + 0,87 
oar Ta ¢t32-ta > » » >» ==-+ 1,2 


Samlliche obigen monohybriden Spaltungsverhaltnisse zeigen gule 
Ubereinstimmung mit dem theoretisch erwarteten Verhiltnis. Irgend- 
welche Stérungen scheinen hier demnach nicht vorzukommen. Un- 
gewohnlich und auffallend erscheint aber, dass alle Verhaltnisse ein 
Plus an Rezessiven zeigen. Gew6éhnlich ist das Gegenteil der Fall. Aber 
in dieser Kreuzung hat sich ein ungewoéhnlich hoher Prozent, 95,3 %, 
aller gesiten F.-Samen zu voll beurteilbaren Individuen entwickelt. Da 
dieser Prozent bei Kreuzungen mit dem so haufigen Defizit an Rezessiven 
90 meistens nicht tibersteigt, spricht dies direkt daftir, dass der Re- 
zessivenmangel in der Regel durch schwache Vitalitét von Samen und 
jungen Pflanzchen im Zusammenhang mit Belastung dieser durch 
rezessive Gene bedingt wird. — Ftir die Zweigenenspaltungen wurden 
folgende Zahlen erhalten. 


Gefunden: 23838 FaZ:126 Faz:115 faz: 5 faz 
Erwartet: 269,44 >» : 89,81 » : 89,81 » : 29,04 » 
D/m fiir 

0:3:3: 1 (korr.)==— 2,56 + 3,25 + 3,25 ~— 5,25 
Gefunden: 263 FaB:96 Fab:83 faB:37 jab 
D/m fiir 

23:3: 1 — 0,59 + 0,72 — 0,79 + 1,33 
Gefunden: 272 FaD”’:87 FaD:74 faDY”:46 faD 
D/m fiir 

9:3:3:1(korr.)= + 1,17 — 1,49 cin gh + 2,40 
Gefunden: 264 FaFl:95 Fafl:87 faFil:33 fail 
D/m fiir 

9:3:3:1= — 0,50 + 0,61 — 0,38 + 0,58 
Gefunden: 238 FaTd:121 Fatd:109 faTd:11 fatd 
D/m fiir 


9:3:3:1(korr.) = — 2,03 -+ 2.59 + 2.59 — 4,17 








362 HERBERT LAMPRECHT 





Gefunden: 254: 28:94 Z2'O:92 2B:39 2b 
D/m fiir 
9:3:3:1(korr.) = + 0,2 — 0,30 —0,0 +0, 
Gefunden: 241 ZD”:107 2D:105 z2zDY”:26 <D 
D/m fiir 
9:3:3:1(korr.)= — 0, + 1,22 + 1,22 a 

/ 
Gefunden: 251 ZFi:07 Zfi:100 zFi:31 zi 
D/m fiir 
9 :'3 :3: 1(korr.)=— 0,9 + 0,47 + 0,47 — 0,76 
Gefunden: 2m8. wta 41 £44:976 zTd:bd zitd 
D/m fiir 
9:3:3:1(korr.)=-+ 1,1 — 2,2 —- 9.90 + 3.56 
Gefunden: 253 BD” :93 BD:93 bD”:40 bD 
D/m fiir 
9:3:3:1(korr.)= + 0,29 — 0,3 — 0,36 + 0,59 
Gefunden: 247 BFI:99 Bfl:104 ObFI:29 bDfl 
D/m fiir 
9:83:23: i(korr.)=— —Oe + 0,76 -+ 0,76 oe im 
Gefunden: 240 BTd:106 Btd:107 bTd:26 bid 
D/m fiir 
9:3:3:1(korr.) = — 0,98 + 1,24 + 1,24 — 2.0 
Gefunden: 259 DY” FI:87 D’fl:92 DFI:41 Dil 
D/m fiir 
9:3:3:1(korr.) = + 0,51 — 0,64 — 0,64 + 1,04 
Gefunden: 249 DY’Td:97 D”td:98 DTd:35 Dtd 
D/m fiir 
9:3:3:1(korr.) = — 0,15 + 0,19 + 0,19 — 0,32 
Gefunden: 264 FITd:87 Fltd:83 flTd:45 fltd 
D/m fiir 
9:3:3:1(korr.)=-+ 0,94 ane wone eh + 1,85 


Von den obigen Spaltungsverhaltnissen kénnen nur drei als sicher 
Koppelung anzeigend aufgefasst werden, nimlich die fiir die Genpaare 
Fa—Z, Fa—Td und Z—Td. Von den iibrigen 12 Genkombinationen 
spricht keine fiir sichere Koppelung. Nur fiir das Genpaar Fa—D be- 
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steht eine schwache Andeutung fiir Koppelung, die aber schon wegen 
der Lage von Fa zwischen den beiden Genen Z und Td (siehe weiter 
unten) ausgeschlossen werden kann. Eine Berechnung der Starke der 
Koppelung zwischen den drei in Rede stehenden Genen fihrt zu fol- 
genden Zahlen: 





Z —Fa Crossover = 19,0 + 4,37 % 
Fa—Td » = 28,5 + 4,14 » 
Z =a » Ra 7 4 3 2,92 » 


Auf Grund der in vorliegender Kreuzung erhaltenen Ergebnisse 
kénnen demnach Ordnungsfolge und Abstande fiir die Gene Z, Fa und 
Td folgendermassen zum Ausdruck gebracht werden: 


f.-..- ie Xe a & Td 
| aera Or 


Hiervon war die Koppelung zwischen Z und Fa auf Grund von WINGEs 
(I. c.) und meinen oben fiir Kr. 468 mitgeteilten Resultaten bereits zu 
etwa 18 % Crossover festgestellt worden. Die Ubereinstimmung mit 
den hier gefundenen 19 % ist daher als eine sehr gute zu bezeichnen. 

Kreuzung Nr. 539: L. 462 X L. 612. — Linie 462 stammt aus F; 
von Kreuzung Nr. 233 (siehe Abschnitt iiber Vererbung der Zahnung) 
und hat stark gezahnte Blittchen sowie n-Hiilsen. Linie 612 stammt 
aus einer Erbsensorte, die von Dozent HARRY SMITH, Uppsala, in Ngata 
in Ost-Tibet, ca. 3.500 m ii. d. M. eingesammelt worden ist. L. 612 hat 
N-Hiilsen und ganz ungezahnte Blattchen. Diese Kreuzung war semi- 
steril und gab in F, 52,1 % Fertilitat. Dieses Ergebnis war unter der 
Voraussetzung, dass die Tibet-Linie hinsichtlich Chromosomenstruktur 
dem Normaltypus angehort, zu erwarten, da L. 462 im Le—V-Chromo- 
som transloziert ist und mit dem Normaltypus Semisterililat gibt. Auf 
diese Verhialtnisse soll hier jedoch nicht naher eingegangen werden. In 
F, wurden 500 Samen gesat, die sich zu nur 436 voll beurteilbaren 
Individuen entwickelten.. Die Gene N und Td spalteten in folgenden 
Verhaltnissen: 


335 N :101 n mit D/m fiir 3: 1—— 0,89 
322° Pa 2114:td » » » » =+ 055 


Als bifaktorielles Verhaltnis ergab sich fiir diese beiden Gene: 











364 HERBERT LAMPRECHT 





Gefunden: 234 NTd:101 Ntd:88 nTd:13 ntd 
Erwartet 

laut mon. Sp. 247,4 ee Te Oe eae os BG 8s 
D/m fiir 

9:3:3:1(korr.)—=W— 1,30 + 1,65 + 1,65 —De 


Das gefundene bifaktorielle Spaltungsverhaltnis zeigt deutliche 
Koppelung an und eine Berechnung ergibt fiir die beiden Gene N und 


Td einen Crossoverwert von 35,2 + 3,94 %. 


Eine Zusammenstellung der bisher bekannten Crossoverwerte fiir 
die vier zu einer Koppelungsgruppe gehérigen Gene N, Z, Fa und Td 
DPD 5 5 

ergibt folgendes. 


N —Z Crossoverwert laut Kreuzung 468: 14,8 + 5,30 % 





N ae » » » 60: 20,9 a 3.12 » 

» » » 468: 27,8 et 2,56 » 

N —Td » » » 539: 35,2 ifs 3,94 » 

Z —Fa > >» WINGE (1936): 15,0 4- 1,23 » 

und 16,5 + 3,72 » 

» » Kreuzung 258: 19,0 + 4,37 » 

» » » 468: 25,0 + 5,03 » 

Z —Td » » » 258: 37,5 + 2,92 » 

Fa—Td » » > 258: 285 + 4,14 » 
Fiir zwei der Genkombinationen, namlich fiir N—Fa und Z—Fa. 
liegen zwei bzw. vier Werte vor, die jedoch — mit Hinblick auf die 
Grésse der mittleren Fehler — gut miteinander vereinbar sind. Fiir 


N—Fa erhalt man ungefahr 25 % und fiir Z—Fa etwa 18 % Crossover. 
Fir die am weitesten auseinander gelegenen Gene N und Z einerseits 
sowie Td andererseits gehen die Crossoverwerte mit 2 % in die nicht 
erwartete Richtung. Dies besagt jedoch nichts, da der mittlere Fehler 
fiir diese beiden Crossoverwerte etwa 3,5 % betragt. Die oben vor- 
gelegten Kreuzungsergebnisse (einschliesslich WINGEs Werte fiir Z——Fa) 
berechtigen dazu, die vier zu einer Koppelungsgruppe gehorigen Gene 
N, Z, Fa und Td hinsichtlich Ordnungsfolge und Abstande folgender- 
massen darzustellen: 


inne: | ed 





a, ee ‘x. 


25 % a Fa 
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BEZIEHUNGEN DER KOPPELUNGSGRUPPE N—Z—Fa—Td 
ZU ANDEREN GENEN BZW. KOPPELUNGSGRUPPEN. 


Im folgenden werden teils in der Literatur vorhandene Angaben 
iiber Koppelung von Genen oder Gengruppen mit N, Z, Fa bzw. Td 
kritisch tiberpriift, teils weitere eigene Kreuzungsresultate zur Beleuch- 
tung dieser Verhaltnisse mitgeteilt. 

WELLENSIEK (1925) berichtet iiber Koppelung zwischen den Genen 
Bt, Cp, N, P; (= Pur) und V (in bezug auf das Symbol Pur, durch das 
P, zu ersetzen ist, siehe LAMPRECHT, 1938, S. 151). Die angefiihrten 
Crossoverwerte mit den mittleren Fehlern sind von mir _ berechnet. 
WELLENSIEKs Kreuzung 12, PurV NCp X purvnep, gab folgende 
Spaltungen: 


y) 


212 PurV :45 Purv :40 purV :14 purv; Co = 43,0 + 3,91 % 
191 NPur :35 Npur :66 nPur :19 npur; Co= 43,7 + 3,93 » 
217 Cp Pur :40 Cp pur : 28 cp Pur : 26 cp pur; Co = 29,2 + 3,16 

279 CpV :49 Cpv :53 cpV_ :36 cpp; Co = 32,2 + 2,89 » 
269 NCp :35 Ncp :59 nCp :54 nep; Co=25,7 + 2,51 » 





Aus diesen Kreuzungsergebnissen zieht WELLENSIEK den Schluss, 
dass Koppelung zwischen den Genpaaren Pur—Cp, V—Cp und Cp—N 
offenbar ist, wahrend die Beziehungen Pur—V und Pur—N nicht ganz 
klar sind. Aber mit Hinblick auf MoRGANs Theorie, heisst es weiter, 
miissen auch diese zur selben Koppelungsgruppe gehoéren. Im Anschluss 
an die graphische Darstellung der Koppelungsgruppe sagt WELLENSIEK 
indessen, dass die Beziehungen von N zu den anderen Genen dunkel 
sind, weshalb die ganze Theorie angezweifelt werden kann. In einer 
weiteren Kreuzung (I. c. Nr. 14) wird fiir N—Cp noch folgendes Ver- 
haltnis mitgeteilt: 








145 N Cp: 27 Nep: 36 nCp: 29 ncp; Co = 31,0 + 3,7 %. 


Laut WELLENSIEK spricht dies fiir klare Koppelung. 

In einer spiteren Arbeit (1928) werden die obigen Koppelungen 
in Riickkreuzungen gepriift. Nun findet WELLENSIEK nur fiir die 
beiden Gene Cp (jetzt S, genannt; Symbolik s. LAMPRECHT, 1942) und 
N eine anscheinend klare Koppelung mit 13,3 bzw. 10,7 % Crossover. 
Die iibrigen Koppelungen konnten nicht bestatigt werden. Aber die 
Koppelung von Cp mit V, die etwa 43 % Crossover gab, wird trotzdem 
als »klar» angefiihrt. In einer kurz darauf (1929) erschienenen Arbeit 
iiber das Auftreten von mehr als 50 % Crossover berichtet WELLENSIEK 
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uber zwei Riickkreuzungen, die wieder fiir die Gene N—Cp eine Koppe- 
lung von 15,9 bzw 8,9 % Co. anzeigen. 

Erwahnt sei noch, dass WELLENSIEK (1925, 1928) auch Koppelung 
zwischen Gp und Cp sowie Bt und Cp feststellen konnte. Gp wird 
daher auch in die Koppelungsgruppe mit N einbezogen, obgleich die 
Spaltungszahlen fiir das Genpaar Gp—N unabhangige Vererbung an- 
zeigen und auch kein dazwischenliegendes, vermittelndes Gen hierfiir 
gefunden worden ist. Auf die Koppelung von Bt mit Cp soll hier nicht 
eingegangen werden. 

Uberblicken wir nun die vorstehend angefiihrten, von WELLENSIEK 
gefundenen Koppelungen, so wird unmittelbar klar, dass sich alles um 
das Gen Cp dreht. Es werden immer nur Koppelungen mit Cp gefun- 
den, wahrend fiir keines der tibrigen Genpaare auch nur eine einiger- 
massen sichere Koppelung festgestellt werden konnte. Und am stark- 
sten und sichersten erscheint die Koppelung zwischen Cp und N. 

Im vorigen Kapitel wurde von mir die Koppelungsgruppe N—Z— 
Fa—Td nachgewiesen und hierbei auch die Beziehung dieser Koppe- 
lungsgruppe zu den Genen A, M, B, V, Gp, Cp, D und FI untersucht. 
Alle diese letztgenannten 8 Gene spalteten zweifellos unabhangig von den 
vier Genen der in Frage stehenden Koppelungsgruppe. Da diese laut 
den gefundenen Genabstanden den grésseren Teil eines Chromosoms 
einnehmen miissen, diirfte jede Méglichkeit zuriickzuweisen sein, dass 
auch nur noch eines der genannten 8 Gene dieser Koppelungsgruppe 
angehéren kann. Wie ersichtlich geh6ren hierzu auch die drei Gene 
V, Gp und Cp, fiir die WELLENSIEK Koppelung mit N findet. Von be- 
sonderer Bedeutung ist natiirlich, dass Cp nicht mit N gekoppelt ist, 
was durch die untersuchten Genkombinationen Fa—Cp und Z—Cp sowie 
durch die klar monohybride Spaltung nach 3 Cp: 1 cp der N-Pflanzen 
einwandfrei bewiesen erscheint; n-Pflanzen kénnen bekanntlich nicht 
hinsichtlich Cp—cp beurteilt werden. 

Die Beurteilung des Genpaares Cp—cp. — Wie sind nun WELLEN- 
SIEKs Ergebnisse zu erklaren? In bezug auf das Gen Cp ist folgendes 
anzufiihren. Sowohl WELLENSIEK selbst wie auch andere Forscher 
haben die Schwierigkeiten bei der Klassifikation von Cp—cp betont. 
Es ist richtig, dass Cp nicht vollkommen dominant ist, aber die Cpcp- 
Hiilsen stehen den CpCp-Hiilsen doch so nahe, dass die Ursache der 
Schwierigkeiten nicht hierin zu suchen ist. Die Schwierigkeiten werden 
vielmehr in der Hauptsache durch die tibrige genotypische Konstitution 
des Cp—cp-Materials bedingt. So ist die Starke der Kriimmung von 
cp-Hiilsen in hohem Grad vom Verhiltnis Lange/Breite der Hiilsen 
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abhangig. Eine kurze und breite Hiilse bekommt niemals die starke 
Krimmung einer langen und schmalen Hiilse. Auch die An- bzw. 
Abwesenheit der Membran beeinflusst die Kriimmung der Hiilse. So 
sind breithiilsige (und flache) cp-Zuckererbsen (N Con) im allgemeinen 
weniger gekriimmt und schwieriger zu beurteilen als cp-Kneifelerbsen. 
Wenn also eine Kreuzung ausser in Cp:cp auch in Genen fiir die 
Grossenverhaltnisse der Hiilsen spaltet, was natirlich haufig vorkommt, 
so verlangt eine solche Kreuzung eine Beurteilung, die diese Verhalt- 
nisse besonders beritcksichtigt. Geschieht dies nicht und werden nur 
die ausgepragt gekriimmten Hiilsen als cp klassifiziert, so bekommt man 
dann stets ein mehr oder weniger grosses Defizit an cp-Hiilsen. 

Die Klassifikation von Cp:cp und N:n. Mit Hinblick auf in 
diesen Genen spaltenden Kreuzungen ist zu sagen, dass die gleichzeilige 
Spaltung in diesen beiden Genen iiberhaupt nicht beurteilt werden 
kann. Man kann sehr leicht die N- von den n-Pflanzen unterscheiden. 
Aber in der n-Gruppe kann auf Grund der Phanotypen nicht geschlossen 
werden, ob eine Pflanze Cp oder cp ist (vgl. die Charakteristik der 
Wirkung von n in der Einleitung). n-Hiilsen sind stets mehr oder 
weniger gekriimmt; kiirzere weniger als langere und ganz kurze Hiilsen 
sind fast gerade. Aber dies hat nichts mit dem Genpaar Cp—cp zu tun. 
Man kann natiirlich, wenn man so wiinscht, die n-Hiilsen in schwach 
gekriimmte bis fast gerade und in stark gekriimmte sortieren. Das 
Ergebnis ist dann (wenn nicht gerade alle Hiilsen sehr kurz sind) 
gewohnlich, dass man keine 3: 1-Spaltung sondern zuviel gekriimmte 
Hiilsen findet. Jede dieser Gruppen wird aber dann sowohl Cp- wie 
cp-Hiilsen enthalten. Eine Klassifikation von n-Hiilsen in bezug auf 
Cp—cp ist eben, wie schon erwahnt, okular undurchfihrbar. 

Wenn nun die vorstehend besprochenen Verhiltnisse bei der Beur- 
teilung der phanotypischen Manifestation der beiden Genpaare Cp—cp 
und N—n nicht beriicksichtigt werden, so sind gerade die von WELLEN- 
SIEK gefundenen Ergebnisse zu erwarten. In der N-Gruppe werden 
dann zuviel Cp-Pflanzen und in der n-Gruppe zuviel cp-Pflanzen ge- 
funden. Und als Ergebnis dieses Beurteilungsiiberschusses an N Cp- 
bzw. ncp-Pflanzen erhalt man die anscheinend gesicherte Koppelung 
zwischen N und Cp. Damit glaube ich die Ursachen fiir die von 
WELLENSIEK gefundene Koppelung zwischen Cp und N in befriedigen- 
der Weise klargelegt zu haben. Dass diese Koppelung und die indirekt 
auf Grund dieser angenommenen nicht den tatsachlichen Verhaltnissen 
entsprechen, ist schon durch die von mir oben mitgeteilten Kreuzungs- 
resultate (Kr. 468 u. a.) bewiesen worden. 
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Das Gen Q fiir Samenabort. — 1929 beschrieben WELLENSIEK und 
KEIJSER ein Gen Q, das in dominanter Form in mehr oder weniger 
hohem Grad die Nichtentwicklung von Samenanlagen zu Samen be- 
dingen soll. Einleitend wird |. c. gesagt, dass diese Erscheinung ausser 
in F, auch in reinen Linien und in F, angetroffen worden ist. WELLEN- 
SIEK und KEISER finden insgesamt eine Spaltung nach 891 Q : 308 q 
mit D/m fiir 3:1 -+ 0,55. Ferner wird festgestellt, dass N, Cp und 
Q offenbar zu einer Koppelungsgruppe gehéren. Als Crossoverwerte 
werden angefiihrt: Fiir N—Q 16,3 %, fiir Cp—Q 14,1 % und fiir Cp—N 
8,3. % 

Wer mit semisterilen Kreuzungen gearbeitet hat und Fig. 1 von 
WELLENSIEK und KEIJSER betrachtet, wird unmittelbar den Verdacht 
hegen, dass es sich hier héchst wahrscheinlich um Semi- oder partielle 
Sterilitat, bedingt durch Spaltung in strukturell verschiedenen Chro- 
mosomentypen gehandelt hat und nicht um einen Samenausfall, bedingt 
durch die Wirkung eines dominanten Gens Q. Auf Grund der Unter- 
suchungen von PELLEW (1937) und LAMPRECHT (1939) wissen wir nun- 
mehr, dass je nach der Beschaffenheit der Translokationen, die die 
Ursache der Sterilitat bilden, 25-, 33-, 50-, 66- und 75-%ige Fertilitat 
auftreten kann. Auf Grund der von WELLENSIEK und KEIJSER ver- 
6ffentlichten F,-Daten kann natiirlich nicht entschieden werden, ob es 
sich wirklich um ein dominantes Gen Q handelt oder nicht. Ihre 
Ausserung (I. c. S. 331) »Die Auslese eines einzigen Jahres ist indessen 
schon vollkommen effektiv um das Material von der Sterilitaét zu be- 
freien» ist indessen ebenso gut mit der Annahme vereinbar, dass die 
hier in Frage stehende partielle Sterilitat durch Kreuzung von struk- 
turell verschiedenen Linien bedingt wird. Eine Uberpriifung dieser 
Spaltung in sterile und fertile Individuen erscheint mir daher als eine 
unabweisbare Forderung fiir die Anerkennung des Gens Q. Bis dies 
geschehen ist, will ich daher das Bestehen eines solchen Gens Q sowie 
auch seine Aufnahme in eine Koppelungsgruppe als nicht berechtigt 





betrachten. 


DAS SCHICKSAL DER WELLENSIEKSCHEN KOPPE- 
LUNGEN ZWISCHEN Cp, N,Q UND ANDEREN GENEN 
IN DER JUNGEREN GENETISCHEN LITERATUR. 


RASMUSSON (1927, Tab. 30) nimmt in seine Ubersicht iiber Koppe- 
lungen bei Pisum u.a. folgende Gene als miteinander gekoppelt auf: 
P, (= Pur), Cp, B, N, Btb, Gp und Bt. WELLENSIEK und KEWSERs Gen 











DIE KOPPELUNGSGRUPPE N—Z—Fa—Td VON PISUM 369 





Q war damals noch nicht ver6ffentlicht. Wie ersichtlich sind dies die 
oben besprochenen Koppelungen von WELLENSIEK. Die Koppelungen 
P,—-N, B—Cp und B—N werden von RASMUSSON als unsicher bezeich- 
net. Es handelt sich hier um jene Koppelungen, die WELLENSIEK selbst 
bei seinen Riickkreuzungen (1928) nicht mehr bestétigen konnte. Die 
iibrigen Koppelungen P,—Cp, Gp—Cp, Bi—Cp, N—Cp und Btb—Cp 
werden von RASMUSSON als sicher bezeichnet, aber man weiss, wird 
hinzugefiigt, dass es von dem einen oder beiden Genen dieser Kombi- 
nationen multiple oder komplementire Gene gibt. Dies kann aber in 
keinem der Falle als bewiesen betrachtet werden. Das Gen Bt, stumpfe 
spitze Hiilse, wurde von RASMUSSON selbst (1. c.) in Bia und Btb auf- 


ZE 














Fig. 2. Einseitig und zweiseitig zugespitzte Zuckererbsenhiilse; obere deutlich stumpf, 
Bt, untere unsicher ob stumpf oder spitz. 


geteilt (seine Tab. 30 nimmt sowohl Bt wie Bta und Btb auf!), da er in 
zwei Kreuzungen eine 9 : 7-iihnliche Spaltung gefunden hat. Die Werte 
fiir D/m betrugen 2,80 bzw. 4,17. Wie ich schon friither (LAMPRECHT, 
1936) hervorgehoben habe, handelte es sich in diesen Fallen um Kreu- 
zungen zwischen Zucker- und Markerbsen, wobei sog. zweiseitig zu- 
gespilzte Hiilsen von Zuckererbsen (siehe Fig. 2) auftreten, bei denen 
phanotypisch nicht sicher oder sehr schwer entschieden werden kann, 
ob sie bt oder Bt sind. Ihr Auftreten und ihre Klassifikation als bt 
kénnte die Ursache der 9 : 7-ahnlichen Spaltungen sein. [Entscheidend 
fiir das Bestehen von zwei Bt-Genen ware hier eine Kreuzung zwischen 
zwei spitzhiilsigen, die in F, Pflanzen mit stumpfen Hiilsen geben soll- 
ten. Auch liegen keine sicheren Koppelungsverhialtnisse fiir die Be- 
griindung von zwei solchen Genen vor. Bindende Beweise fiir das 
Bestehen von Bta und Btb fehlen demnach noch. Auch in bezug auf 
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Cp scheint RasMussON (mit Hinblick auf seine Ausserung iiber das 
Vorkommen von multiplen Genen) mit zwei Genen, hier aber von mul- 
tipler Wirkung, zu rechnen, da er fiir die Spaltung gerade : gekriimmte 
Hiilse 15 : 1-ahnliche Verhaltnisse findet (1. c. Tab. 21 und 25). Auch 
hier steht der Beweis fiir die Existenz von zwei Cp-Genen aus, die durch 
Kreuzung zweier geradhiilsiger mit Ausspaltung in F, von ’/,, mit ge- 
kriimmten Hiilsen zu erbringen ware. Meiner Ansicht nach ist bei 
RASMUSSONs Spaltungen in Cp : cp gleichfalls mit den oben besprochenen 
Klassifikationsschwierigkeiten zu rechnen. 

WINGE nimmt in seine Tab. 6 (1936, 'S. 363) folgende Koppelungs- 
gruppe auf: N—Cp—Q—Pa—Btb. Die Gruppe N—Cp—Q—Bt wurde 
offenbar von WELLENSIEK tibernommen. Bf wurde laut RASMUSSON 
(1927) in Btb umgeandert und Pa wurde auf Grund einer brieflichen 
Milleilung von DE WINTON (WINGE, I. c. S. 304) aufgenommen, die fiir 
Pa—Cp einen Crossoverwert von 22 % gefunden haben soll. In seinem 
Kommentar zur Koppelungsgruppe 3, wie diese bezeichnet wird, hebt 
er jedoch hervor, dass eine Kontrolle der Koppelungen Pa—Btb, Q—Pa 
und N—Pa sowie auch eine ailgemeine Revision der Gene dieser Gruppe 
wiinschenswert sei. 

Schliesslich erwahnt G. v. ROSEN (1944, S. 275) eine »klassische 
Koppelungsgruppe» tl—r—pa—q—cp und im Kapitel »Genkarten» der- 
selben Arbeit (S. 311) bringt er in seinem Chromosom III folgende Gene 
unter: axaitlrpaqep,n und bty. In der »klassischen» Gruppe fehlt 
das wichtige Gen n und auch bib. In der Genkarte befinden sich diese 
jedoch in der Gruppe, der hier tiberdies a—xa angehingt wird. Das 
Gen Xg, von RAsMuSSON (1935) so benannt, ist jedoch synonym mit 
Hosuinos (1915) Lf. Beide sind mit A ziemlich stark gekoppelt, und 
bevor klar bewiesen ist, dass es zwei solche Gene gibt, hat das Altere 
Symbol Lf zu gelten. 

In der Erlauterung zu dieser Koppelungsgruppe sagt v. ROSEN: 
»Auf Grund der Angaben von NILSSON (1939) und der Ergebnisse vor- 
liegender Untersuchung wurde als berechtigt erachtet, dass RASMUSSONs 
(1935) kleine Gruppe a—aa mit der klassischen Gruppe ¢/—r zu ver- 
einigen ist, welch letztere NILSSON schon mit seiner Gruppe pa—n— 
cpi— q—bt,» vereinigt hat». v. ROSENs Bezugnahme auf E. NILSSON 
(1939) ist unrichtig. NrILssons in Rede stehende Untersuchung hat sich 
nur mit den Genen Pa, R, Tl und Bt experimentell beschaftigt. NILSSON 
schliesst u. a. mit den Worten (I. c. S. 57): »Die nun beendigten Unter- 
suchungen beweisen nur, dass Pa—R—TI—Btb eine Koppelungsgruppe 
bilden, und dass Btb in grossem Abstand von den iibrigen Genen liegt». 











DIE KOPPELUNGSGRUPPE N—Z—Fa—Td VON PISUM 371 





Von einer Vereinigung irgendwelcher anderer Gene mit dieser Gruppe 
ist in NILSSONs Arbeit nicht die Rede. Die Aufnahme der Gene N, Cp 
und Q durch v. ROSEN in diese Gruppe erfolgte wohl nur kompilatorisch, 
d. h. mit Hinblick auf WELLENSIEKs Ergebnisse sowie zufolge der Uber- 
nahme dieser WELLENSIEKschen Koppelungsgruppe in die Arbeiten von 
RASMUSSON (1927) und von WINGE (1936). In v. ROSENs eigener Arbeit 
findet man keine Ergebnisse die hierzu berechtigen. 

Die Anhdngung von A—Lf an die Koppelungsgruppe Pa—R—TI— 
Bt durch v. ROSEN (1944, S. 311). — Auch diesbeziiglich hat NILSSON 
(1939) keinerlei Kreuzungsergebnisse ver6ffentlicht, auf die sich 
v. ROSEN zu berufen kénnen glaubt. Wohl aber hat PELLEW (1937) 
bei der Kreuzung von strukturellen Pisum-Hybriden vom (chromoso- 
malen) Typus 2, 3 und 6 mit dem Normaltypus gefunden, dass wenn 
der F,-Bastard gleichzeitig in R und A heterozygot war, so zeigte F: 
entweder Koppelung zwischen R und A mit etwa 30 % Crossover oder 
auch Koppelung beider dieser Gene mit der gametischen Sterilitat. Dies 
scheint tatsachlich dafiir zu sprechen, dass A und R im gleichen Chro- 
mosom liegen. Trotzdem kann dies meiner Ansicht nach ohne weitere 
genelische Uberpriifung in Kreuzungen zwischen Linien vom Normal- 
typus nicht als festgestellt betrachtet werden. Denn es gibt sehr ge- 
sicherle Kreuzungsresultate, mit denen diese Annahme_ unvereinbar 
erscheint. Es sind dies die Beziehungen zwischen den drei Genen 4, 
R und Bt. 

Zwischen den Genen A und R sowie zwischen A und Bt findet man 
slels etwa 50 % Crossover, d.h. unabhingige Vererbung. Einschliess- 
lich meiner eigenen Kreuzungsergebnisse ist die Spaltung in A—a und 
R—r bisher an etwas mehr als 28.000 Individuen mit diesem Resultat 
untersucht worden. Von meinem eigenen Material erwahne ich hier 
nur eine 1931 in grossem Umfang analysierte Kreuzung (Nr. 4) zwischen 
L. 58, aus Graue Posthérnchen, A R, und L. 102, aus Acacia, ar. Fol- 
gende Spaltung wurde erhalten (gesit 5500 Samen; entwickelte Pflan- 
zen 5239): 


Gefunden: 2972 AK 989. Ars957 @R:321 ar 
D/m fiir 
9:3:3:1= +0 + 0,24 — 0.90 —- 0,32 


Hierfiir ergibt sich ein Crossoverwert von 49,s + 1,01 %. SVERDRUPs 
(1927) Kreuzung mit 4166 Individuen gibt ein Crossover von 49,6 + 1,16 %. 
Diese Werte fiir das Crossover zwischen A und R liegen so nahe 50 %, 
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wie man dies nur wiinschen kann, und zeigen demnach nicht im 
geringsten Koppelung an. 

Gleiches wie fiir A—R wurde auch fiir A—Bt gefunden. WELLEN- 
SIEKs (1925) Ergebnisse einer Kreuzung mit 840 Individuen ergaben 
einen Crossoverwert von 47,7 + 2,51 %. KAPPERTs (1924) Kreuzung mit 
1352 Individuen gibt 51,2 + 2,02 % und RasMussons (1927) Kreuzung 
mit 1012 Individuen 49,8 + 2,36 % Crossover. Sechs von mir selbst auf 


diese Genkombination hin untersuchte Kreuzungen mit zusammen 2110 
Individuen, erhalten aus 2410 Samen, haben folgende Spaltung gegeben. 


Gefunden: 1228 ABt:370 Abt:376 aBt:136 abt 
D/m fiir 
V2. as) aS ee — 1,43 — l,o9 -+- 0,37 


Crossoverwert = 47,5 + 1,60. 


Fir die bereits oben erwihnte Kreuzung Nr. 4 mit 3986 N-Individuen 


(Repulsionsphase) ergibt sich: 


Gefunden: 2183 AGE: 835 Abt: 736 aBbi:2338 avi 
D/m fiir 
9:3:3:1=—-: —1l.s + 3,52 ——"f):50 — 0,386 


Da hier von den insgesamt 5239 Individuen nur die N-Pflanzen (D/m 
fir 3N:1n—=— 1,75) zu dieser Analyse herangezogen werden konn- 
ten, ist die Sicherheit des Crossoverwertes geringer als durch den mitt- 
leren Fehler angegeben wird. Hierzu kommt noch eine gewisse Klassi- 
fikationsschwierigkeit bei der Beurteilung von Zuckererbsen auf Bt—Dt. 
Crossoverwert = 47,1 + 1,2. %. Die Spaltungsergebnisse fiir die Gen- 
kombination A—Bt zeigen, gleichwie die fiir A—R, keine Abweichung 
von unabhingiger Vererbung an. 

Verbleibt schliesslich die Genkombinalion R—Bt. Fiir diese hat 
KAPPERT (1924) in einer Kreuzung mit 1354 Individuen folgende Spal- 


tung erhalten: 


Gefunden: B12 HBt212 Ht: 179 rb: 151 rot 
D/m fiir 
9:3:38:1=< + 2,7 — — + F445 


Hierfiir berechnet sich ein Crossoverwert von 34,3 + 1,65 %. 
RASMUSSON (1927, Tab. 25) ver6ffentlicht zwei Kreuzungen, in 

denen R und Bt spalten. Beide wurden zwischen Mark- und Zucker- 

erbsen in Koppelungsphase ausgefiihrt. Folgende Zahlen wurden er- 


halten: 
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Gefunden: 619° WBE: 191 RG 162): Bt: 40° r'bt 
D/m fiir 
9:3:3:1=> +3, -++ 0,10 i Sie 5 


Crossoverwert = 52,7 + 2,23. Wie ersichtlich sind die Zahlen recht un- 
regelmassig, was — wie schon friiher besprochen — wahrscheinlich 
mit Klassifikationsschwierigkeiten bei den Zuckererbsen zusammen- 


hangen diirfte. 


Gefunden: 44 RB: 140" ROE 148: ret: 45. rb 
D/m fiir 
9:3:3:L= —00 — 0,67 + 0,13 + 1,01 


Crossoverwert — 47,7 + 2,60. 


E. NILSSON (1939, S. 54) ver6ffentlicht ein wertvolles Material ftir 
die Sicherung der Beziehung zwischen R und Bt, namlich 9 Kreuzungen 
in Koppelungs- und 4 in Repulsionsphase, die simtlich zwischen Kneifel- 
erbsen ausgefiihrt worden sind. Die Klassifikationsschwierigkeiten bei 
Zuckererbsen fallen hier demnach weg. [tir die 9 Kreuzungen vom 
Typus R Bt < r bt wurde erhalten: 


Gefunden: 1742 RBt:453: Robt: 407 - Bt:288 robt 
D/m fiir 
9:3:3:1= +49 a — 6,43 + 8,34 


oy 


Crossoverwert = 36,5 + 1,17 %. 





Die 4 Kreuzungen vom Typus R bt Xr Bt gaben folgende Spaltung. 


Gefunden: 655 R Bt: 264 Rbt:279 r Bt: 45 rbt 


Crossoverwert = 37,2 + 1,58 %. 


Selbst habe ich die Spaltung in den Genen R und Bt bisher in 6 
Kreuzungen mit folgenden Ergebnissen untersucht. 


Kreuzung Nr. 4; L.58 X L. 102 (s. oben). 3986 N-Individuen, Repul- 


sionsphase. 
Gefunden: S194 . FEB 826 Rb: 797-2 Bb: 242. bt 
D/m fiir 
9:3:3$:t=- —3.o +- 3.16 -+ 2.10 — 0,17 


Crossoverwert = 46,6 + 1,23 %. 


Kreuzung Nr. 204; L. 2 aus Goldkénig X L. 6 aus Umbellatum. Koppe- 
lungsphase. 500 Samen gaben 426 Pflanzen. 
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Gefunden: 280 RBt:62 Rbt:50 rBt:34 robe 

D/m fiir 

9:3:3:1= +30 — 3,71 — Dio + 1,48 

Crossoverwert = 35,0 + 2,99 %. 

Kreuzung Nr. 231; L. 191 aus Witham Wonder  L. 422 aus Russische 
kleinsamige. Koppelungsphase. 500 Samen_ entwickelten 460 
Pflanzen. 

Gefunden: 291 RBt:54 Rbt:61 rBt:54 robt 

D/m fiir 

9:3:3:1= + 3,0 3,86 

Crossoverwert = 29,8 + 2,61 %. 


3,02 -+ 4,87 








Kreuzung Nr. 355; L. 232 aus de Winton X L. 451, a, r, i, p, v, n, bt, o. 
Koppelungsphase. 340 N-Pflanzen. % entwickelter Pflanzen = 
= 93,4. 

Gefunden: 214 RBt:60 Rbt:36 rBt:30 rbt 

D/m fiir 

9:3:3:1=— + 1 io — 2,15 + 2,58 

Crossoverwert = 35,4 + 3,37 %. 

Kreuzung Nr. 433; L. 232 aus de Winton < L. 581, Stark panaschiert, 
a,r, bt. Koppelungsphase. 500 Samen haben nur 234 Pflanzen ent- 
wickelt. Semisterile Kreuzung. 

Gefunden: 154 RBt:42 Rbt:21 rBte:17 rob 

D/m fiir 

O:S:3:1i= +25 — 0,31 — 3 +- 0,64 

Crossoverwert = 35,4 + 4,05 %. 





Kreuzung Nr. 473; L. 2 aus Goldkénig  L. 25, A, ar, oh, R, Bt. Koppe- 
lungsphase. 485 Samen haben nur 251 Pflanzen entwickelt. Semi- 


sterile Kreuzung. 


Gefunden: 173° FE 39 ROE 28 Ort. tl «OT ht 
D/m fiir 
9:3:3:1(korr.)=-+ 01 — 0,52 — 0,52 + 0,84 


Crossoverwert = 42,3 + 4,32 %. 


Die beiden letztgenannten Kreuzungen zeigten keinen Zusammenhang 
zwischen Semisterilitat und der Spaltung in R bzw. Bt. ~ 

Eine Zusammenfassung aller vorliegenden Ergebnisse von Spal- 
tungen in den Genpaaren A—R, A—Bt und R—Bt ergibt, dass alle 
Zahlen fiir unabhangige Vererbung der Gene A—R und A—Bt sprechen. 














DIE KOPPELUNGSGRUPPE N—Z—Fa—Td VON PISUM 375 





Fir A—R liegen Spaltungen mit etwa 28.000 Individuen vor, die 
keinerlei Koppelung anzeigen und fiir A—Bt gilt dasselbe, gestiitzt auf 
etwa 9.300 Individuen. 

Anders liegen die Verhaltnisse fiir das Genpaar R—Bt. Im Vor- 
stehenden wurden alle mir bekannten Spaltungsverhialtnisse fiir diese 
Gene zusammengestellt. Von diesen sind die von Kreuzungen, in denen 
gleichzeitig eine Spaltung in Kneifel- und Zuckererbsen (und z. T. auch 
in N : n) stattfindet, von geringerer Beweiskraft, da in diesen, wie friiher 
erortert worden ist, gewisse Klassifikationsschwierigkeiten in Bt—bt 
bestehen. Werden diese, RASMUSSONs beide Kreuzungen sowie meine 
Kreuzung Nr. 4 und 355, nicht beriicksichtigt, so verbleiben insgesamt 
14 Kreuzungen mit 5615 Individuen in der Koppelungsphase sowie 4 
Kreuzungen mit 1243 Individuen in der Repulsionsphase. Fiir die 14 
Kreuzungen ergibt sich: 


Gefunden: 3452 RB: 862 Hot: 746 ree:555 rb 
D/m fiir 
9:3:3:1= +7,9 — 6,53 — 10,49 + 11,26 


Crossoverwert = 35,4 + 0,83 %. Fiir die 4 Kreuzungen in Repulsions- 
phase wurden erhalten 37,2 + 1,58 %. 

Dass wir es hier um eine vollkommen gesicherte Koppelung zwi- 
schen R und Bt mit einem Crossoverwert von etwa 36 % zu tun haben, 
steht ganz ausser Zweifel. Auch zeigen die Crossoverwerte eine gute 
Gruppierung um diesen Miitelwert. Meine zwei Kreuzungen mit Aus- 
spaltung von Zuckererbsen zeigen auch dieselbe Koppelung an; die eine 
gibt ein Crossover von 35,4 %, die andere allerdings nur 46,6 %. 

Mit Hinblick darauf, dass sowohl A und R wie A und Bt etwa 50 % 
Crossover zeigen, R und Bt dagegen einen volikommen gesicherten Wert 
von etwa 36 %, erscheint es nicht zulassig auch das Gen A bzw. die 
Gruppe A-—-Lf (= Xa) an die Koppelungsgruppe Pa—R—TI—Bt an- 
zuhingen, wie dies v. ROSEN (1944, S. 311) getan hat. Es kénnen nicht 
zwei Gene mit einem Crossover von 36 % in einem Chromosom liegen 
und iiberdies mit einem dritten im gleichen Chromosom gelegenen Gen 
je 50 % Crossover, d.h. unabhangige Vererbung aufweisen. Natiirlich 
kann die Méglichkeit, dass es ein zweites Bt-Gen gibt nicht ausge- 
schlossen werden, aber die Annahme eines solchen erscheint erst berech- 
tigt, wenn es durch Kreuzungen ohne Klassifikationsschwierigkeiten 


sicher nachgewiesen ist. 
Die Aufteilung des Gens Cp in Cp, und Cp,. — Gestiitzt auf die 
WELLENSIEKsche Koppelungsgruppe Q, Cp, N und Bt, deren Unhaltbar- 
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keit oben nachgewiesen worden ist, sowie mit Hinblick auf die von mir 
nachgewiesene Koppelungsgruppe Gp—-Cp—Fs—Ast hat v. ROSEN (l. c.) 
das Gen Cp in zwei Gene Cp, und Cp, aufgeteilt. Auf Grund der oben 
vorgelegten Resultate erscheint diese Aufteilung unberechtigt und ist zu 
streichen. 

Die grosse Koppelungsgruppe Nr. 1 von WinGE D—P,.—O—I— 
Re—Fa—Z— — —Uni—M—Mp—F—B—St—P, (1936, Tab. 6). — 
Eine Kritik und Uberpriifung der Unterlagen zu dieser grossen Gruppe 
ist hier umsomehr am Platz, als sie zwei der Gene enthalt, die meiner 
vorstehend behandelten Koppelungsgruppe N—Z—Fa—Td angehoren. 
Wie ersichtlich sind dies die Gene Fa und Z, fiir die friiher auf Grund 
der bisher vorliegenden Ergebnisse ein Crossoverwert von etwa 18 % 
hat festgestellt werden kénnen. WHINGE scheint selbst nicht sicher zu 
sein, dass alle diese 14 Gene in einem Chromosom liegen, da er die Ver- 
bindung zwischen Z und Uni durch eine gestrichelte Linie angibt. Im 
Kommentar zu dieser Gruppe sagt er indessen, dass die Vereinigung 
dieser beiden Gruppen auf Grund der von ihm gefundenen Koppelung 
zwischen Z und M mit etwa 42 % Crossover erfolgt ist. Als Crossover- 
wert fiir die Koppelungsphase (1 Kreuzung) ergibt sich 43,7 + 2,91 % 
und fiir die Repulsionsphase (2 Kreuzungen) 40,3 + 2,93 %. 

Es ist sehr bemerkenswert, dass WINGE die umfangreichen von 
H. und O. TEepin (1928) iiber diese beiden Gene ausgefiihrten Unter- 
suchungen hierbei nicht beriicksichtigt. Diese erhielten folgende 











Spaltungen. 


Gefunden: Bee 2 213 2m isd 2:49. 2m 
D/m fiir 

9:3:3:i=— —Oea —. 1,08 “7-247 + 1,97 
Crossoverwert = 48,0 + 2,85 % (Koppelungsphase ). 
Gefunden: 202. Ze 18% 24g 28 2 335. cin 
D/m fiir 

9:3:3:1=<— —O3 + 0,35 — 0,65 + 1,27 
Crossoverwert = 46,8 + 2,69 % (Koppelungsphase). 
Gefunden: 5139: 2M :1660 2m:1705 2M:591 zm 
D/m fiir 

9:3:3:1=- +00 —— Aes + 0,00 +- 1,00 





Crossoverwert = 51,0 + 0,73 % (Repulsionsphase). 


Schon diese Werte diirften geniigen, um das Vorhandensein einer 
Koppelung zwischen Z und M in Frage zu stellen. 
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Selbst habe ich die Spaltung von Z—M in 9 Kreuzungen mit zu- 
sammen 4437 Individuen untersucht und in keiner auch nur eine An- 
deutung zu einer Koppelung gefunden. Die Crossoverwerte variierten 
von 46,0 bis 52,3 %. Insgesamt wurde erhalten: 


Gefunden: 2522 ZM:808 Zm:864 z2M:243 zm 
D/m fiir 
O23 32 t= = Ors ——~iOi92 + 1,23 Seo 


Crossoverwert = 48,3 + 1,15 % (Repulsionsphase ). 


Aber es bedarf eigentlich gar nicht der Mitteilung dieser Zahlen, 
denn WINGE teilt in seiner eigenen Arbeit Spaltungen mit, die die Auf- 
stellung seiner Koppelungsgruppe 1 nicht médglich erscheinen lassen. 
Er findet nimlich fiir die Genkombinationen ]—Z 51,9 bzw. 48,1 %, ftir 
I—M 50,5 %, fiir I—B 49,6 %, fiir B—M 47,7 % und fiir B—Z 52,5 % 
Crossover. Es diirfte wohl ohne weiteres einzusehen sein, dass die vier 
Gene I, Z, M und B, die laut WINGEs Tab. 6 in etwa gleichen Abstaénden 
voneinander auf das Chromosom 1 verteilt sind, nicht in allen Kom- 
binationen miteinander stets ca. 50 % Crossover geben kénnen. Dies 
wiirde ja allen unseren Erfahrungen von Koppelungsstudien zuwider- 
laufen und auch der MorGANschen Theorie tiber den Einfluss der 
linearen Anordnung der Gene in den Chromosomen auf das Crossover 





die experimentelle Grundlage entziehen. 

Weitere Kommentare zu WINGEs Koppelungsgruppe 1 erscheinen 
damit wohl iiberfliissig. Sie zerfallt auf Grund der bisherigen experi- 
mentellen Daten in folgende drei Gruppen: D—P,—O—I—Re, Fa—Z 
(zur Gruppe N—Z—Fa—Td gehorig) sowie Uni—M—M p—F—B—St— 
P,. Damit soll jedoch nicht gesagt sein, dass ich die Reihenfolge der 
Gene in der’ ersten und dritlen Gruppe wie auch die Zugehorigkeit aller 
genannten Gene zu diesen Gruppen fiir bewiesen und richtig erachte. 
Die letztere soll zum Gegenstand einer nachsten Studie gemacht wer- 
den. .Hier sei noch erwahnt, dass ich es auch noch als ganz unsicher 
betrachte, ob es zwei Gene fiir Purpurfairbung der Hiilse, Pur (WINGEs 
P, und P,) gibt. 

G. v. ROSEN (1944, S. 310) hat die WINGEsche Koppelungsgruppe 1 
iibernommen und ihr noch WINGEs Gruppe 5, S—Wb—AK, in nun ge- 
iinderter Reihenfolge (K—S—Wb), angehangt. v. ROSEN begriindet 
dies damit, dass in seinen »Artkreuzungen» zwischen Pisum sativum 
und abyssinicum, die fiir die Fertilitat einen Gesamtmittelwert von 
35,15 % gezeigt haben, eine lockere, ungefahr 40 % Crossover ent- 
sprechende Koppelung zwischen den Genpaaren St—Wb, B—K, B—Wh 
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und F—Wb gefunden worden ist, wihrend die Genpaare St—K und 
F-—K keine Koppelung gezeigt haben. Dass die Annahme einer Koppe- 
lung, wie die nun besprochene, mit Hinblick teils auf die Sterilitat der 
Kreuzungen, teils auf die gefundenen Spaltungen nicht berechtigt er- 
scheint, diirfte nicht besonders hervorgehoben zu werden brauchen. 
v. ROSEN deutet in seiner Tabelle 9 a allerdings an, dass die Beziehungen 
zwischen K—S—Wb sowie den drei von mir oben erwahnten Teilen 
der WINGEschen Koppelungsgruppe nicht sicher sind. 


ZUSAMMENFASSUNG DER ERGEBNISSE. 


1. Die Zahnung der Blattchen von Pisum und ihre Vererbung wurde 
studiert. Gezaihnt dominiert iiber ungezihnt. Die Beurteilung der 
Zahnung erfolgte nach einer zehngradigen Skala, td und 1—9 (s. Fig. 1). 
td-Pflanzen haben nicht immer ganz ungezihnte Blattchen; nicht selten 
findet man den Zahnungsgrad 1, vereinzelt 2 oder 1—2 bzw. 1—3. 
Solche Pflanzen haben dann gewoéhnlich auch zum Teil ganz unge- 
zahnte Blattchen. Der Hauptstamm kann ungeziahnte, die’ Verzwei- 
gungen Blattchen mit Zahnungsgrad 1—3 aufweisen. Td-Pflanzen 
haben gewohnlich Zahnungsgrad 5 mit einer Variation bis zu 4 und 6, 
selten bis zu 3 und 7. Diese Verhiltnisse miissen bei der genetischen 
Analyse bericksichtigt werden. 

2. Auch Linien mit dem Zahbnungsgrad 8—9 wurden beobachtet. 
Da sie unter Td-Pflanzen mit Zahnungsgrad 5 spontan ausgetreten sind, 
handelt es sich wahrscheinlich um eine Mutation, was stark dafiir 
spricht, dass es von Td ein drittes Allel fiir die besonders starke und 
mehr sageartige Zahnung 8—9 gibt. 

3. In vier Kreuzungen wurde gesicherte Koppelung zwischen den 
Genen N, Z, Fa und Td festgestellt. Die mitgeteillen Spaltungsergeb- 
nisse berechtigen dazu, diese vier Gene hinsichtlich Ordnungsfolge und 
Abstande folgendermassen darzustellen: N — 15 % — Z 18% — 
Fa — — 28 % — —Td. 

4. Die Beziehungen dieser Koppelungsgruppe zu anderen Genen 
bzw. Koppelungsgruppen wurde einer eingehenden und kritischen Uber- 
priifung unterzogen, wobei sich folgendes ergeben hat. 

- 5. Von den von WELLENSIEK (1925, 1928) und von WELLENSIEK 
und KEIJSER (1929) als miteinander gekoppelt angefiihrten Genen Cp, 
Gp, Bt, N, P:, V und Q kann nur die zwischen Gp und Cp aufrecht 
erhalten werden. N gehért zur Gruppe N—Z—Fa—Td. Das Bestehen 
des Gens Q, das in dominanter Form Samenabort bedingen soll, wird 
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in Frage gestellt, da dies ebensogut durch partielle Sterilitat im Zusam- 
menhang mit strukturellen Unterschieden in den Chromosomen bedingt 
werden kann. Fiir die Ubernahme der genannten WELLENSIEKschen 
Koppelungen oder eines Teils derselben in die Arbeiten von RASMUSSON 
(1927), WINGE (1936; Koppelungsgruppe 6) und v. RosEN (1944; Chro- 
mosom III) gilt nattirlich auch das eben Gesagte. 

6. G. v. ROSENs (1944) kompilierte Koppelungsgruppe III besteht 
aus teils der von E. NILSSON (1939) vollkommen gesicherten Gruppe 
Pa—R—TI—Bt, teils drei von WELLENSIEK tibernommenen Genen 
(Q, Cp und N) sowie dem seit langem bekannten, gekoppelten Genpaar 
A—Lf (letzteres hier synonym mit Xa bezeichnet). Von v. ROSENs 
Gruppe III von 9 Genen kann nur einerseits E. NILSSONs Gruppe Pa— 
R—TI—Bt und andererseits A—Lf aufrecht erhalten werden. 

7. WINGEs (1936) grosse Koppelungsgruppe 1 » D—P,—O—I—Re— 
Fa—Z—Uni—M—M p—F—B—St—P,» soll laut WINGE selbst 4 auf 
dieses Chromosom ziemlich gleichmassig verteilte Gene (J, Z, M, B) 
enthalten, die in jeder Kombination etwa 50 % Crossover zeigen, d. h. 
unabhingig voneinander vererbt werden sollen! Die Unhaltbarkeit 
dieser Gruppe wird nachgewiesen. Sie zerfallt in drei Gruppen: 
D—P,—O—I—Re, Fa—Z (zu N—Z—Fa—Td gehiorig) sowie Uni—M— 
Mp—F—B—St—P,. G. v. ROSEN (1944) hat WINGEs Gruppe 1 tiber- 
nommen und ihr noch die gut gesicherte Koppelungsgruppe S—Wb-—K 
angehingt, was experimentell unbegriindet erscheint. Die erste und 
letzte von WINGEs Teilgruppen bediirfen hinsichtlich Genenfolge und 
teilweise auch Genzugehdrigkeit einer experimentellen Uberpriifung. 

8. Da fiir die Aufteilung der Gene Bt in Bta und Btb, Cp in Cp, 
und Cp, sowie des Gens fiir Purpurfarbung der Hiilse (Pur) in P, und 
P, noch keine sicheren experimentellen Grundlagen vorliegen, sollten 
diese einstweilen nicht mit Symbolen belegt worden sein; ihre weitere 
Verwendung soll unterbleiben. 





SUMMARY. 


(1) The inheritance of the dentation of the leaf-margins was studied. 
This dominant property was classified in accordance with a ten- 
graduated scale (td and 1—9; cf. Fig. 1). td-individuals are not always 
completely without dentation; they can also show dentation of the 
degree 1, rarely 1—2 or 1—3. This is especially the case on stem 
branches and on plants with low vitality. Td-plants have the degree 
of dentation 5 with a variation between 4 and 6, rarely with the degree 
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3 or 7. Knowledge of this phenomenon is of great importance for the 
genetical analysis. Pure lines with dentation 8—9 are also known. 
Since this extreme dentation has arisen by mutation, it is probable that 
a third allele to Td exists. 

(2) In four crosses with altogether 2281 individuals linkage between 
the four genes N, Z, Fa and Td was ascertained. These genes show the 
following order and crossover values: N — 15 % — Z — 18% — 
Fa — — 28 % — — Td. 

(3) The relations between this linkage-group and other genes and 
linkage-groups were studied thoroughly with the following results. Of 
the linked genes Cp, Gp, Bt, N, P; and Q (linkage shown by WELLENSIEK, 
1925, 1928, and by WELLENSIEK and KEISER, 1929), only Cp—Gp can 
be confirmed. WN belongs to the linkage-group N—Z—Fa—Td. The 
existence of the gene Q, which as dominant should cause seed-abortion, 
seems to be doubtful, because structural differences in the chromo- 
somes, now well known in Pisum, are also able to cause this 
phenomenon. The above-mentioned linked genes (WELLENSIEK) were 
also referred to in the papers of RASMUSSON (1927), WINGE (1936) and 
Vv. ROSEN (1944). 

(4) The linkage group III with 9 genes, set up by v. ROSEN (1944), 
is made up of the established linkage-group Pa—R—TI—Bt (E. NILSson, 
1939), the ancient linkage-group A—Lf and the genes Cp, N and Q, 
which are considered by WELLENSIEK to be linked. 





(5) The large linkage-group D—P,.—O—I—Re—Fa—Z—Uni— 
M—Mp—F—B—St—P,, established by WINGE (1936), contains four 
genes (I, Z, M, B), which should be distributed in the chromosome with 
very nearly the same interval between each other. According to WINGE 








they segregate in all combinations with about 50 % crossover! The 
instability of this linkage-group is demonstrated. It is to be divided into 
the following three groups: D—P,—O—I—Re, Fa—Z (a part of N—Z— 
Fa—Td) and Uni—M—-Mp—F—B—St—P,. The large linkage-group 
of WINGE was included by v. ROSEN in his paper of 1944. To this 
group Vv. ROSEN, moreover, appends the well known linkage-group 
S—Wb—kK, which is experimentally unfounded. The two linkage- 
groups D—P,—O—I—Re and Uni—M—Mp—F—B—St—P, need a 
partial revision in respect of the order and inclusion of the genes. 





(6) The division of the gene Bt into Bta and Btb (by RasMusson), 
of Cp into Cp, and Cp, (by v. ROSEN) and of the gene for the purple 
colouring of the pod (Pur) into P, and P, (by WINGE) is not yet 
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demonstrated experimentaliy, and on that account the use of this double 
symbols ought to be omitted for the present. 


20. 
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a a general biological point of view the term »evolution» might 
be interpreted as meaning the generation of forms of life which 
are better fitted than others to be the bearers of life. The theme has 
been treated as exhaustively as lies in the power of scientific research. 
But the great majority of thinkers have been captivated by the idea 
that just human beings are those forms of life which represent the 
highest refinement. 

The possession of intense, psychic functions is regarded as some- 
thing »higher», something better fitted for preserving the vital princi- 
ple than the pure somatic functions. Thus, the whole anthropocentric 
attitude to the theory of evolution comes out in strong relief. 

When I use the term >forms of life which are better fitted to be 
the bearers of life than others», this may need some further explanation. 
In a lecture (WIDMARK, 1932) I have discussed the possibility of life 
having arisen as a result of chance combinations of chemical processes. 
I came to the view that such constellations of reactions as can lead to 
the synthesis of living matter cannot be considered to occur or to have 
occurred. (By »living matter» I mean here the constellation of the 
chemical system of different substances which makes the whole cap- 
able of vital functions; cf. l.c., p. 4.) 

If we set out from the conception that spontaneous generation is 
inconceivable from a chemical point of view, there only remain two 
explanations of the presence of life. 

One is the existence of a creative power, a »ratio», which out of 
the manifoldness and variation-possibilities of syntheses selects and 
steers those which render possible the origin of living things. This 
line of thought leads to the religious acceptation of the existence of a 
creative power. Physical and chemical laws may certainly remain 
valid, but biogenetic chemistry is directed by an unknown laborant, 
whose existence we can only believe in without knowing anything 


about him. 
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The other explanation, which is perhaps as imbued with belief as 
the one just mentioned, is that the vital principle is a primary attribute 
that has not been created but has always existed. Living matter is a 
special form of existence of matter. It is »eternal», possibly transported 
from heavenly body to heavenly body, but constantly retains its »ratio» 
for the direction of chemical syntheses. This vital principle includes 
the conservation of itself as its greatest peculiarity. The perpetuity of 
living matter manifests itself in the most varying forms of existence. 
Change and transformation in different organisms are continually 
taking place, yet the »ratio» of the cells still goes on arranging for the 
continued existence of life, anxiously guarding against the risk of 
extinction. From a biological point of view living substance assumes 
varying shapes of existence. The most vital is the highest, without 
regard to the individual. Evolution, if such exists, has for its sole 
object the creation of the ideal vital substance. 

The foundations of the evolutionary theory. — The history of the 
doctrine of evolution shows rather clearly that this theory has for the 
most part sprung from morphological observations. It has been framed 
by zoologists, botanists and geneticists. 

The hypothetical chains of descent have been built up on com- 
parative morphological observations of the different organisms and 
their organic systems. The comparisons have chiefly concerned the 
multicellular beings. Attempts have certainly been made to group the 
unicellular within certain regions of affinity, but here, too, observations 
of the morphological structure, the constitution of the organism, have 
been determinant. The morphologically more complicated forms of 
life have been generally denoted as the more developed, the higher. 
From the point of view of morphological and chemical differentiation 
1 would here introduce the terms monocytes and polycytes. Certainly 
the term »monocytes» has previously been used as a designation for 
the freely existing cells in the blood tract of animals (white blood cells), 
but I consider it convenient and expedient to use this short term in this 
paper. Thus, by »monocytes» I mean unicellular organisms, by »poly- 
cytes» multicellular organisms for which previously we have employed 
such semi-general names as Metazoa. 

Since, therefore, the theory of evolution is essentially based on 
morphology, it may be asked whether an evolution can be traced by a 
comparative study of the chemical system and chemical efficiency of 
the organisms. 

An experiment of this kind might be carried out by disregarding 
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morphology and trying to arrange species on a chemical system. Should 
the chemical classification of the forms of life present a similar picture 
to that of the morphological, then the theory of evolution would be 
given a powerful support. 

The perfect laboratory. — In an interesting article PrRIE (1938) 
has discussed the meaninglessness of the terms life and living. He 
advances the opinion that there is no sharp boundary between living 
and dead matter, just as little as between the colours yellow and green 
or between acid and alkaline reaction. The terms life and living »still 
have a very definite meaning when used by poets, knackers or soldiers, 
but little or none when used to describe the phenomena observed in 
tissue culture, virus research and kinetic studies on interrelated enzyme 
systems». 

PIRIE considers it meaningless to speak of life and living because 
there is no definite dividing-line between living and dead matter. For 
my part, I have taken up an opposite standpoint (1. ¢., p. 4). 

The frequently-advanced example of vira as something between 
living and dead matter would seem to be waning in effectiveness. Vira 
have no metabolism; they do not breath. They cannot be multiplied 
other than in living cells, and it is probable that it is just these which 
produce them. Chemically regarded, they are, at least in many cases, 
nucleoproteids. They can be crystallized, their »macromolecules» can 
be measured and photographed. It would seem meaningless to speak 
of life in this connection; rather the contrary. 

I now come to the main point of my discourse. As soon as vital 
functions can be traced, chemical efficiency is complete and perfect. 
The chemical skill of the monocyte is as great as, often even greater 
than, that of the polycyte. Here, acquired chemical ability of an 
essential nature cannot be traced through the series of morphologically 
more or less complicated organisms. What we can observe is only 
specializations of certain reactions, which are already to be found in 
the lowest organisms. 

Even the monocytes represent the perfect laboratory. They 
synthetize the specific protein of their species, and we cannot trace any 
systematic change to more and more complicated proteins either in the 
vegetable or animal world. 

It might be questioned whether the formation of antibodies is not 
a recent acquisition, more especially in the Vertebrates. Our systematic 
knowledge in this field throughout the animal kingdom is as yet rather 
insignificant, however. Still, the fact that even the monocytes possess 
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the power of increasing their chemical defence against poisons is shown 
by, e. g., the newly acquired chemoresistance of the gonococci against 
sulphonamides. Here, perhaps, it is not a question of direct antibody 
formation in the ordinary sense. It is however presumable that 
synthetic ability to form toxins as well as antitoxins is already to be 
found fully developed in the monocytes. 

So far as we know, all organisms can synthetize enzymes. The 
type and diversity of these enzymes vary with the needs of the organism. 
Thus, the ability to hydrolyze cellulose is principally found in certain 
bacterial strains. It is completely absent in the Vertebrates, is possibly 
present in some Invertebrates. 

The utilization of glycides as a source of energy, the metabolism 
of the glycides in the organism in general, afford an instructive example 
of the conservatism of living matter. I would call to mind that the 
study of the utilization of monosaccharides, chiefly hexoses, by the 
yeast cells has given us the clearest explanation of how human muscle 
cells preceed in order to utilize such nutritive substances both aerobic- 
ally and anaerobically. The processes are so alike in both yeast cell 
and man that we can speak, at most, of relatively insignificant variations, 
minor changes in an enzyme constellation. It is rather interesting to 
note that research in this field has been considerably facilitated by the 
very ready accessibility of monocytes, the yeast ceils, as experimental 
material. It is simpler to perform experiments with a yeast culture 
as starting material than with mammalian muscle. 

The occurrence of haemoglobin in the blood of the Vertebrates 
could possibly be interpreted as the result of an evolution to a higher 
mechanism of energy. The organic chemical complex, briefly described 
as an association of four pyrrol rings in a cycle, is however always 
traceable as a never absent constituent of living matter. This con- 
stellation of atoms seems to be primary. On account of the occurrence 
of these rings in almost all cells, from monocytes to polycytes, they are 
usually called cytochromes. Mostly the four pyrrol rings are found in 
combination with iron, in the form of blood pigments, but also with 
magnesium in chlorophyll and with copper in the respiratory proteins 
of certain Invertebrates. 

It might be thought that higher psychical functions imply the 
presence of special substances that react in some special way at the 
exercise of these functions. No such substances have been observed. 
The chemical composition of the human brain is the same as that of 
any other brain. Difference in degree of psychical proficiency seems 
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rather to be bound up with morphological complexity of nerve tissue. 
The larger the latter is throughout the animal kingdom, the greater, on 
the whole, is the possibility of psychical performance. 

The evolutionary theory considered from the standpoint that the 
biochemically most efficient organism is the most developed. — With 
this standpoint the matter has to be viewed against the background of 
the ability of the organisms to exist independently of accessory 
organisms. 

Biochemically, we can in this respect seek out self-supporting 
organisms, such as have the most varied chemism, such as are not 
dependent on a more or less intimate symbiosis for the maintenance of 
their living substance. 

If, following these lines, we make a search through the various 
phyla for the most perfect organisms, we must come to a stop at the 
chlorophyll-bearers, for only these are able to utilize the energy of 
light. Only these can convert matter into biogenic substance. Chloro- 
phyll-bearing organisms are found already among monocytes (uni- 
cellular green algae, certain Flagellata). From a chemical point of 
view, accordingly, these are more independent, more perfect, than the 
more complex animal polycytes, morphologically the higher standing. 
From this point of view man is an incompletely developed organism. 
He is a parasite on cryptogams and phanerogams, just as the toothwort 
is on the roots of the hazel. He has no independence: is without the 
ability to collect cosmic energy in his vital laboratory, to synthetize 
manifold essential biogenic substances. He is doomed to be a parasite 
on the chlorophyll-bearers, to be an organism devoid of the most im- 
portant chemical property of living matter. It is difficult to see any 
evolution in this from a biochemical point of view. 

This lack of synthetic capability comes to the fore in the form of 
vitamin needs. Many monocytes can create, for instance, vitamins A, 
B and C, but we human beings cannot do so. 

Phylogeny and ontogeny. — If biochemical observations are to 
give any support for the evolutionary theory, we must find some 
harmony between the generation of species and of individuals from a 
chemical point of view. 

What has been set forth above will show that I cannot find any 
biochemical evidence in favour of the concept »evolution» in a phylo- 
genetic respect. 

This concept is rather perplexing in the light of the fact that a 
necessary condition for the development of animal life is the pre- 
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existence of organisms which in a chemical respect are the highest 
developed, the chlorophyll-bearers. 

To ensure a logically safe foundation for the doctrine of evolution 
it would seem justifiable to demand that from the point of view of 
morphological research ontogeny and phylogeny should possess some 
affinity with biochemical observation. Would a biochemist, without 
taking morphology into account and solely for chemical reasons, have 
need of making use of the terms ontogeny and phylogeny? 

What is now wanted is to try to find some chemical proofs that 
phylogenetical evolution has something in common with changes in 
the chemism of the growing individual. 

Certain observations may be set forth. The power of regeneration 
diminishes during embryonic development; just as it seems to diminish 
in the phylogenetic series. The possibility of transplants from in- 
dividual to individual diminishes from the embryo to the adult stage, 
just as is the case in the morphologico-evolutionary series. It is 
questionable whether this isolation is something tending to a higher 
stage. Rather would it seem to be a limitation in chemical efficiency. 

Evolution and evolutionary mechanism. — The monocytes — 
provided there does not exist any form of symbiosis with or parasitism 
on other organisms — live their independent lives. They possess no 
activity of their own by which they can influence neighbouring cells 
in respect of function and organization. Quite different is the case with 
the polycytes. Here, according to reliable experimental experience 
(for the literature, see NEEDHAM, 1942), there exists an intimate 
chemical co-operation between the cells. The »formative» functions 
enter into activity. It is however of importance to recall that we can 
scarcely trace, phylogenetically or ontogenetically, any essential new 
formation in a chemical respect from the primitive cell-states to the 
more complex. Formative stimuli are already found in pronounced 
form among hydrozoa. The co-operation between the cells is so 
organized that there is reason to postulate that every somatic cell of 
these organisms contains within it those developmental resources which 
can form the special cell formations for the organism. 

Formative stimuli appear to be already complete in the egg of the 
echinoderm, a fact shown by exhaustive tests. Ontogenetically, it is 
interesting to note that already after the first cleavage the ovum of the 
frog distributes the evocators between the two new cells, that each of 
them has the power of growing into a new, complete individual. Not 
until after gastrulation does there appear a more differentiated growth 
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mechanism, so that different cells can no longer grow into entirely new 
individuals, but only into definite organic parts. 

According to NEEDHAM’s terminology (I. c., p. 686), an evocator is 
a chemical substance emitted by the organisator, which is a living part 
of the as yet incomplete individual (»a living part of an embryo, which 
exerts a morphogenetic stimulus upon another part or parts, bringing 
about their determination and the following histological and morpho- 
logical differentiation» ). 

Respecting the chemical constitution and biological originality of 
these substances we still know nothing. There are no facts to indicate 
that the polycyte presents anything new in a chemical respect by the 
origin of evocators with chemical properties foreign to the monocytes. 

To some extent the same reasoning must be applied when con- 
sidering hormones and vitamins. The presence of hormones is a 
chemically necessary condition for the internal organization of the 
polycyte commonwealth, just as are the hypothetical evocators for its 
growth. Hence the question can be viewed from the standpoint that it 
is the morphological complexity which first creates the need of these 
intermediary chemical substances. It is the individual cells which are 
the synthetic laboratories. The production of hormone is secondary 
to morphological conformation. Of course, it may be reasoned that just 
this specialization of the cells for hormone production is an evolution. 
Through evolution the cells in LANGENHAN’s islands have acquired a 
new faculty, the art of producing insulin, and the cells in the adrenal 
medulla the art of elaborating adrenalin, by which the carbon hydrate 
metabolism of the polycyte is regulated. Even the specific bacterium 
that brings about the characteristic fermentation of cabbage into sauer- 
kraut produces, however, acetylcholine, that tissue hormone so im- 
portant for nervous activity. 

In this connection it is of some importance to note that the root 
tubercles of podded plants, which are of such fundamental importance 
for the world’s nitrogen conversion, can, according to THIMANN (1936), 
only function because the symbiotic bacteria produce auxins for 
their host. 

Different organisms vary so immensely in their dependence on 
vitamins and their ability to synthetize these substances that it is 
difficult to reconcile their chemical properties with evolution. 

The evolution of atoms. — The assumption has been advanced 
that hydrogen is the primary element of matter, from which heavier 
and heavier atoms have been formed. Astronomers, for instance, would 
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seem to have shown that the chemical elements undergo perpetual 
»development» towards higher and higher atomic weights. On our 
earth we have not arrived further than to the weight 238, uranium, 
but on other masses of matter in the universe the occurrence has been 
established of atoms having a weight of 30,000 or possibly double this. 
It is possible that in the interior of stars atoms of extremely high atomic 
weights are created — provided we can speak of atoms under such 
special conditions. 

We may wonder whether this tendency to higher atomic weights 
can in any way harmonize with the theory of the evolution of living 
matter. It is of the greatest importance here to be able to record the 
fact that living matter in all its varying forms only works with com- 
paratively low atomic weights. The chemism of practically all life and 
the composition of living matter are restricted to atomic weights under 
60 (hydrogen 1, carbon 12, nitrogen 14, oxigen 16, sodium 23, mag- 
nesium 24, phosphorus 31, sulphur 32, potassium 39, calcium 40, 
iron 56). Only in exceptional cases and in extremely small quantities 
do such heavy atoms occur as copper (63), bromine (80), iodine (126). 
The heavy atoms are incompatible with vital processes, poisons: anti- 
mony 122, barium 137, platinum 195, gold 197, mercury 201, lead 207, 
bismuth 209, radium 226 and uranium 238. We can therefore straight- 
away dismiss the idea that a higher atomic weight should be of higher 
value than a lower. On the contrary, as a rule atomic weights above 
60 are hostile to life. 

Nor has it been possible to discern any signs that living matter in 
any way prefers heavy isotopes to others (deuterium 2 as against 
hydrogen 1, heavy nitrogen 15 as against nitrogen 14). 

Accordingly, from an evolutionary point of view, there is nothing 
to glean from the standpoint: »high and low atomic weight». 

If, therefore, there is an »evolution of atoms», it must glide hastily 
past the conditions necessary for the existence of life. 
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es ee 1924 numerous crosses between pure lines of the self- 
fertilizing species Galeopsis Tetrahit have been undertaken. These 
crosses were made in order to study the genetics of flower colour differ- 
ences and the degree and inheritance of the partial sterility frequently 
met with in the F, hybrids (cf. MUNTZING, 1929, 1930, 1932, 1937, 
1938). During this work it was often observed that the F, hybrids had 
quite a good vigour, and sometimes they seemed to surpass both parent 
lines in this respect. Therefore plant height in hybrids and parent 
lines was measured, this work being undertaken at the end of the sum- 
mer when the plants had reached their maximal size. Plant weight 
would have been a better index of vigour, but as the plants had to be 
preserved for other purposes, only the height values could be 
determined. However, there is certainly a rather strong positive 
correlation between weight and height and, thus, the latter character 
is a rather reliable measure of plant vigour. 

In many cases the number of F; plants was too low to be of any 
use for the present problem. However, looking through the height 
data from the years 1928—1942 a total of 24 different cross com- 
binations were found to be available, in which the number of F;, 
individuals of each combination amounted to at least 10 plants. The 
number of individuals in the parent lines grown at the same time was 
also at least 10 and generally higher. More accurately, the number of 
F, plants in the 24 crosses ranged from 10 to 39 with an average number 
of 16,s. In the parent lines the corresponding number ranged from 10 
to 93, the average value being 20,5. 

The F, and parental seeds were germinated at the same time, the 
seedlings placed in boxes and later on transplanted to the field. In 
the field-plots the plants were grown in rows of four, the distance 
between plants as well as rows being 30 cm. The F; plants were always 
planted close to the female parent line. The male parent line was 
grown in the same small field at a variable distance from the F, plots. 
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If F, plants of both reciprocal combinations were available they were 
grown together close to one of the parents. 

The following 14 pure lines are involved in the crosses: A, B, C, 
D, E, F, G, I, J, L, M, S, »yellow Tetrahit» and »Cheviot». The last- 
mentioned line was collected in 1939 in the Cheviot Hills, North Eng- 


TABLE 1. Plant height in F, and parent lines. 











Average plant height in cm. F, height | Pollen 

(relative percentage | 

Cross combinations Parent lines values) in F, | 

} 

AXX: 71,2 | A: 54s X: 49,7 137 o. 4 

AX J: 86,7] A: 631 | J: 84,0 118 79} 
A XD: 82,2 | A: 61, D: 81,1 115 94 

(BX G: (1935) 95,8 |  B: 76,3 G: 100,7 108 87 | 

| » (1937) 125,7 | B: 84,0 G:117,4 | 125 87 | 
(BX C: (1936) 111,90 | — B: 112, C: 90,0 110 57 
| » (1937) 944] B: 84,0 C: 66,1 126 57 
BoC AS 92,9 | B: 84,0 X: 49,7 139 54 
CX Cheviot: 107,5 | C: 106,7 | Chev.: 66,1 124 | 50 
cx J: 65,0 | C: 66,1 J: 56,9 106 94 
CX M: 942| C: 66,1 M: 85,0 125 | 54 
CXE: 69,3} C: 61,7 E: 69,2 106 94 
Cx xX: 640 | C: 617 X: 54,5 110 94 
CX D: 85,0 C: 642 | D: 81,0 117 79 
CXL Wai Bis | I: 85,5 100 67 
DXI: 126,5 | D: 111,0 I: 100,5 120 73 

DX M: 1121} D: 1110 | M: 85,0 114 94 

DX Cheviot: 1083 |  D: 926 | Chev.: 106,7 109 90 

FXL: 85,7| F: 680 | L: 88,5 110 64 | 

F XX: 680} F: 71, | X: 54,5 108 98 | 
| GX Cheviot: 113,1 G: 106,6 | Chev.: 106,7 106 90 
'GXxX: 74,1 G: 83s | X: 54,5 107 95 
Ix J: 70,0 I: 85,5 J: 45,4 107 56 
J XM: 664 | J: 46,3 M: 77,7 107 75 
LX Cheviol: 1081 |  L: 99,5 Chev.: 106,7 105 90 
Xx Cheviot: 88,1 | Ae ae7 | Chev:: 106,7 122 50 


land. Most of the other lines have been in culture since 1925. Their 
appearance and origin have been described in previous publications * 
(MUNTZING, 1930, 1932, 1937, 1938). 

The height measurements of the 14 F, combinations and _ their 
parents are given in Table 1. For each F, combination the data of 


1 In these papers the denominations T—A, T—B, T—C, etc. correspond to A, 
B, C, ete. in the present paper. 
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both reciprocal cross combinations are combined if the cross has been 
made in both directions. In the cross combinations B < G and B X C 
data are available from two different years. The relative values (in 
the second column from the right) give the F, heights in per cent of 
the parental average values. Thus, for example, the F, combination 
A X X had the average height 71,2 cm., the corresponding values of 
the parent lines being 54,5 and 49,7 cm. respectively. The mean value 
of the parents will be 52,1, and if this value is considered to be 100 the 
F, height will be 137. 

According to the table not a single F, value is below the average 
of the parents, the relative values ranging from 100 to 139. In one 
combination, C X I, the F, plants show the same height as the average 
of the parents, in all the other cases they surpass this average. In 16 
cases of 26 the F, plants were taller than both parents, in nine cases 
they were taller than the average of the parents but did not reach the 
value of the taller parent. The latter category is chiefly represented 
by cases involving a strong difference in height between the two 
parent lines. 

Though the complication of line differences in earliness has not 
been taken into consideration, the data presented undoubtedly de- 
monstrate that the F; plants show a certain degree of hybrid vigour. 
On an average the F,; combinations measured were 14,6 per cent taller 
than the mean value of the parents. 

As the number of F, plants in the majority of cases was somewhat 
lower than the number of plants in the plots of the parent lines, there 
may be a suspicion that the F; plants had been slightly favoured owing 
to less crowding at the time of germination and in the seedling boxes. 
However, in 7 cases of the 26 the number of F, plants was higher than 
that in both parent lines. In these cases the relative height values of 
the F, plants ranged from 105 to 139 with an average of 114,7. Thus, 
these seven cases showed just the same degree of hybrid vigour as the 
other cross combinations. This demonstrates that the lower average 
number of the F,; plants has not influenced their average height. The 
rather good reliability of the average values obtained is further in- 
dicated by ‘four cross combinations, in which a rather high number 
(more than 10) of maternal plants were obtained together with the 
F, plants. These maternal plants, which appeared in consequence of 
a partially unsuccessful crossing technique, had evidently been treated 
in exactly the same way as the F, plants derived from the same seed 
sample. If the hybrid vigour of the F, plants were only apparent and 
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due to some kind of favouring of the F, plants unshared by the line 
plants, the maternal plants occurring among the F, individuals should 
also be more vigorous than the plants of the female parent line. This 
was not so, however, the maternal plants in three cases of the four 
having slightly lower values than the female parent line. The four 
pairs of values (maternal plants and female parent respectively) were 
the following: 109,.—106,7; 105,>—106,6; 88,5—99,5; 100,0—106,7. Only 
in the first pair is the average of the maternal plants slightly but in- 
significantly higher than that of the female parent line. 

The material is too small to decide whether the different lines 
are equivalent as inducers of hybrid vigour. It seems most plausible, 
however, that the causes of this vigour are not concentrated to special 
lines but are rather evenly distributed. 


TABLE 2. Correlation between degree of sterility and degree of 
hybrid vigour in F;,. 





Degree of hybrid vigour (F, height, relative values) 





2 ; on M 
= 50 100 105 110 115 120 125 130 135 140 
ha 1 ma hey 1 * i ive 122,5 
s 60) z 
50) | | 
im 2. a ie 1 | | 2 = 
ee : , _— 
vo | | | =4 | € e 
So c ees ‘iy a, eee ee 5 | 120,5 
= 80 iam Eikte ns 
5 1 1 — 
i a | cease ea el ede le oe ie lab ye ee eS wpe 
a, ] | | 
9 | | 09. 
100 7 a 2.4 4 nd | 2 ” 109,5 


As shown in detail previously the pure lines of Galeopsis Tetrahit 
are perfectly fertile, but the F, hybrids are frequently partially sterile. 
Of 66 combinations tested (MUNTZING, 1938), 30 had 90—100 per cent 
good pollen, like the parent lines, but the other 36 combinations were 
partially sterile with a pollen percentage ranging from 50 to 89. Of 
the 24 cross combinations now examined, 14 are partially sterile and 
10 fertile with 90—100 per cent good pollen. The percentage of good 
pollen for each combination is given in Table 1 (to the right). 

Interesting enough, a correlation was found between hybrid vigour 
and pollen fertility, the partially sterile F; combinations on an average 
showing a higher degree of hybrid vigour than the fertile F,; com- 
binations. This is evident from Table 2 and the calculations based on 
these data. In the 10 fertile F; combinations the average vigour value 
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(F, height in per cent of the average height of the parents) is 109,50, 
the corresponding value of the 14 partially sterile F,; combinations 
being 119,22. Testing the distributions with an analysis of variance 
and a working mean of 112,50, the following values were obtained: 





Degrees of Sums of 
Mean square 
freedom square 
Between. SCTICS: 6.6. os 5.505 6c os 4 36,3583 90896 
Within Pca ikaa pea lar, seat ae 19 45,6000 2.4000 
Total 23 81,9583 — 


The v* value (9,0896 : 2,4000) will be 3,79, which corresponds to a P 
intermediate between 0,05 and 0,01. 

The coefficient of correlation was also calculated for the same 
data and found to be — 0,50. The significance of this coefficient was 
(n — 2)r? 

i 
a P intermediate between 0,01 and 0,02. Thus, the significance of the 
observed correlation is rather good, and hence it is highly probable 
that the partially sterile F,; combinations really show a higher degree 
of hybrid vigour than the fertile F, combinations. Moreover, this 
correlation is probably gradual, the most sterile class of F, com- 
binations also showing the highest degree of hybrid vigour (122,5per cent). 

The reason of this rather interesting correlation is not clear. The 
most plausible explanation seems to be that there is a_ positive 
correlation between the degree of genetic diversity and the degree of 
structural chromosome differentiation. Evidence has been obtained 
that the latter phenomenon is responsible for the partial sterility 
observed (cf. MUNTZING, 1938). 

It might be suggested that the greater vigour of the partially pollen 
sterile F, generations is due to a physiological correlation between 
vigour and sterility. In the partially sterile F, generations seed setting 
is also slightly reduced and therefore more energy might be left for 
vegetative growth. This is rather improbable, because plant growth 
seems to be finished with the development of the terminal inflorescense 
already before the seeds are ripe. It would be desirable, though, to 
test this point accurately by making repeated measurements during 
the whole period of development. 

It is of interest to compare the hybrid vigour of the intraspecific 
Tetrahit hybrids with the increased vigour characteristic of the hybrids 


tested by using the formula ¢* = This gave a ¢t of 2,7 and 
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between Galeopsis Tetrahit and bifida. According to data previously 
published (MUNTZING, 1930, pp. 258—263), four different cross com- 
binations between Tetrahit and bifida showed quite a pronounced 
hybrid vigour in F,. In all of these four combinations plant height 
in F, surpassed the parental average by about 20 per cent. This F; 
vigour is quite obvious even at an early stage and is probably not in- 
creased by the partial sterility of the mature hybrids. 

The hybrid vigour in the line crosses in G. Tetrahit is probably 
of essentially the same kind as in the Tetrahit X bifida crosses though, 
on an average, less pronounced. In this connection it should be 
remembered that G. Tetrahit and bifida sometimes intercross in nature 
and, thus, all Tetrahit- and bifida-lines may ultimately be derived from 
such spontaneous hybrids. However, all pure lines of G. Tetrahit used 
for the crosses were morphologically quite typical and sharply 
separated from the bifida lines. 

In spite of the very extensive literature on inbreeding and hybrid 
vigour relatively little has been published about vigour in F, hybrids 
between pure lines of strictly self-fertilizing plant species. However, 
some data of this kind have been gathered in tomatoes, beans, peas, 
and self-fertilizing cereals. Hybrid vigour in Solanum lycopersicum 
has been observed by several workers. A review of these cases is given 
by DASKALOFF (1938) together with an account of his own rather 
extensive experiments. Hybrid vigour occurred in all cross combin- 
ations produced, the increases in yield ranging from 5 to 37 per cent 
with an average of about 20 per cent. Reciprocal crosses gave the same 
result. In three crosses DASKALOFF also found the yield to be slightly 
but significantly lower in F, than in F;,. 

In Phaseolus vulgaris WINGARD (1927) studied 5 cross combin- 
ations between different varieties. The F, plants of all the crosses 
were more vigorous and produced more pods than either parent. 
MALINOWSKI (1928, 1935) also made several crosses within the same 
species. Only two of these crosses are said to give luxuriating F,; 
hybrids. One of these combinations was studied in detail, and in this 
case the F,; heterosis was very strong. The F,; plants were found to 
react very much to a change in day-length. Hence the author con- 
cludes that we have to deal here with a change of the degree of photo- 
periodic response caused by special factors separated in the parental 
forms and united in F;. 

Some evidence of hybrid vigour has also been obtained in Pisum 
sativum. RasMussoN (1927) observed that certain heterozygotes gave 
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seeds with a higher percentage of germination than the corresponding 
homozygotes, and NICOLAISEN (1932) found that seeds produced by 
crosses between pure lines were considerably larger than the average 
of the parent varieties. 

As demonstrated by H. and O. TEDIN (1926) the difference in type 
of spike between 6-rowed and 2-rowed barley is in the main caused 
by a single pair of factors, Z—z. Disregarding the complicating effect 
of a special height factor H, linked with Z, the heterozygous Zz plants 
were found to be more vigorous than both homozygotes, ZZ and zz. 
According to the authors, this may be either a specific effect of the 
heterozygosity or due to linkage between Z and z with minor factors 
for plant height. 

Hybrid vigour in oats has been reported by COFFMAN and WIEBE 
(1930), studying 21 crosses between standard varieties, and by COFF- 
MAN and Davis (1934)*. A thorough investigation of hybrid vigour in 
Triticum vulgare was made by ENGLEDOW and PAL (1934). The cross 
Little Joss X Thule was studied in detail and 56 other vulgare crosses 
on a smaller scale. In most of the crosses the F, had a greater tillering 
capacity and yield than the average of the parents. In the cross 
Little Joss X Thule the increased vigour in F, was observed to be 
followed by a decrease in F, and a further decrease in F;. In the same 
cross the two reciprocal F, combinations were significantly different in 
vigour. In F, there were slight indications of difference, whereas the 
F;’s were identical in vigour. On account of this reciprocal difference 
the authors find it difficult to accept a factorial explanation of hybrid 
vigour. However, the cause of this unexpected difference may be a 
maternal effect of the Thule parent, which according to the tables is 
much inferior to Joss in tillering capacity as well as yield of grain. 

From an examination of all the published cases of hybrid vigour 
ENGLEDOW and PAL (Lc.) conclude that the phenomenon occurs pre- 
ponderantly in crosses among parents which are (a) diploid, (b) natur- 
ally out-pollinating and (c) endospermic in seed. The present case 
in Galeopsis Tetrahit is an exception to this rule in all three respects, 
the species being tetraploid, strictly self-fertilizing, and the seeds non- 
endospermic. As far as I know, it is also the first wild species in which 
hybrid vigour has been observed to occur in crosses between pure lines. 


1 These papers are only known to me from the Resumptio Genetica. Under 
the present circumstances it has not been possible to procure the original papers. 
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A HAPLOID SUGAR BEET AFTER COL- 
CHICINE TREATMENT 


BY ALBERT LEVAN 
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N the summer of 1942 numerous colchicine treatments of shooting 
| sugar beets were performed in the greenhouses of the Hilleshég Beet 
Breeding Station of the Swedish Sugar Co. The c, seeds, resulting from 
these treatments, were put for germination in small fixing pots during 
the following winter. The chromosome numbers of the plants were 
determined at the Cyto-genetic Laboratory of the Swedish Seed As- 
sociation, Svaléf. As is usual after such treatments, diploid, triploid 
as well as tetraploid c, plants were obtained. In one number studied, 
C 3841, besides these chromosome numbers, there also occurred one 
haploid plant with somatically 9 chromosomes (C 3841—41). The 
colchicine treatment had probably damaged one of the gametes in- 
volved. One pollen grain, for instance, may have been able to stimulate 
embryo development although incapable of fertilization. Although the 
chromosomes of several thousand c, seedlings of sugar beets and other 
plants have been studied at this laboratory during the last few years, 
the present instance is the first case of haploidy found after col- 
chicine treatment. Since it seems to be the first case on record of 
haploidy in sugar beets, special attention has been directed to the 
morphology and cytology of this haploid sugar beet plant. 

I am very much indebted to Miss MAGNA PALM, Sval6éf, for making 
the. slides for this investigation. 


I. MORPHOLOGY. 


The number C 3841 was deposited for germination in February, 
1943, and the haploid was identified in April. During summer and 
autumn it was grown together with 2x, 3x and 42 sister plants in pots 
in the greenhouse. Its general appearance was studied continually 
and compared with the sister plants. It differed from them in being 
markedly tender. It had more numerous leaves than the sister plants. 
On some occasions the numbers of leaves were counted (2x, 3x and 4x 
are means of two plants of each class): 
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Date: Ase 5/5 wa 16/g 14/_ 12/, 
eee, | 14 19 29 43 56 
222.505 SD 14 16 25 35 38 
es ee a ee 
BR os Ue, 11 13 18 22 31 


Thus, the haploid had, especially towards the end of the season, 
decidedly more leaves than average diploids. The tetraploids, on the 
other hand, had a lower number of leaves than the diploids throughout 
the vegetative period. As already earlier demonstrated on a more represent- 
ative material (LEVAN, 1942b), the leaf number of first year sugar 
beets follows the general viability curve: 2x, 3x and 4a plants have 
more leaves than the aneuploids. Among the euploids the diploids 
have the most leaves, while triploids and tetraploids have fewer. On 
that occasion (I. c., Table 2, p. 352) the three euploid numbers had on 
an average 22,3, 18,3 and 15,0 leaves per plant respectively. 

The shape of the leaf lamina in the haploid was long and narrow. 
The leaf index (length : breadth) of the material was as follows: 


Date: ei 5/5 ats atl 14], “le Mean 
Meta aks 2,5 2,0 1,5 1,4 1,4 1,5 1,7 
LA anaes | 1,4 1,3 1,4 1,4 17 1,4 
Bie De sc. ee 13 13 We: 2 ‘3 153 
- | a aa E57 1,1 1,4 1,3 ie 1,3 As 


The index of the haploid was almost all the time somewhat higher than 
in the comparative material. The haploid belonged to the type of sugar 
beet plants to which I directed attention in my above-mentioned paper 
(1. ¢., p. 857) and which is characterized by many small leaves, narrow 
and long in shape. They were especially characteristic of the chromo- 
some numbers between 2x and 3x, which were of a low viability, and 
it was concluded that this beet phenotype may be taken as an indication 
of lacking vitality. 

Although the haploid was decidedly weaker than the control plants, 
it formed a beet root of considerable size (about 2 cm in diameter) 


~ 


during the summer. Later on in the autumn, when the plants began 
to show signs of maturity, they were no longer watered, and in Novem- 
ber they were placed in a greenhouse under a constant temperature 
of -++ 2 centigrades. They were left here until the 20th of January, 
1944, when they were moved into a heated greenhouse. Already about 
the 1st of February shooting commenced in the haploid, rapidly followed 
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by shooting also in the controls. Thus, shooting was somewhat earlier in 
the haploid, and this advance of a couple of days shown by the haploid 
was maintained during all the flowering period. The first flower opened 
on the following dates (order zx, 2x, 3x, 4x): *°/2, **/2, */s, 7/5. General 
flowering was noted on the following dates: */;, **/2, */s,*/s. In the 
flowering stage also the haploid was more slender than the other plants 
(Fig. 1). It was also lower in height. The plant height was measured 
on the following two occasions: 





Fig. 1. General appearance of the sugar beet haploid, a, as compared with diploid, 
b, triploid, c, and tetraploid, d, sister plants. 


Date: id 16/g 

1 ER AMO SF a 2 PETE EY, 53 69 
UE ges ilers bes oto hecesn care aea 91 112 
ES eikk Saree boen 69 100 
Bh stale othe ev craic ahd 63 90 


The haploid was the lowest and the diploids the highest. The haploid 
formed, however, a normally developed inflorescence that was quite 
as rich as the others. The general type of the haploid in the flowering 


stage was normal and well within the variation limit of ordinary diploid 
Hereditas XXXI. 27 
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sugar beets. If it had grown in a seed field, it would hardly have been 
detected. As the flowering proceeded, the branches of the haploid kept 





Fig. 2. Flowering branches (a—d), flowers (e—h) and buds (i—I) of haploid, 
diploid, triploid and tetraploid (in order from left to right) sugar beet. 
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growing and became considerably longer than in the controls. This 
unduly prolonged growth.in length is probably caused by the total lack 
of seed setting of the haploid. The top shoot of the haploid gradually 
became fasciated. 

As shown in Fig. 2, the floral parts of the haploid were decidedly 
smaller and more delicate than in the diploid. The triploids and tetra- 
ploids had, as usual, larger flowers than the diploids. The flowers of 
the haploid were often somewhat malformed; the pictured flower, for 
instance, had 6 instead of the normal 5 petals and stamina. 

The pollen fertility was determined on various occasions. The 
haploid showed at early stages a surprisingly high pollen fertility, but 
later on the anthers were often quite empty. On one occasion the per- 
centage of filled pollen in the four ploids was: 92,3, 98,0, 86,3 and 93,0. The 
haploid thus showed higher pollen fertility than the triploid and about 
the same fertility as the tetraploid. This means. that the pollen tetrads, 
in spite of the irregularities of meiosis, may develop rather regularly. 
The pollen grains may survive for some time as free pollen grains 
before degenerating, although most of them must be deficient. Measure- 
ments of pollen diameters gave an equally rising curve for diploids, tri- 
ploids and tetraploids. The haploid lies only slightly below the diploid. 
The means of 100 cells were 18,8, 19,5, 22,3 and 24,8 « for haploid, di- 
ploid, triploid and tetraploid respectively. As already mentioned, the 
haploid was absolutely seed-sterile, although it was repeatedly dusted 
over with pollen from the diploid sister plant. 


II. CYTOLOGY. 


The haploid sugar beet showed rather clear and favourable chro- 
mosome conditions in the root tips (Fig. 3a, b). Especially in side 
views of anaphase it was possible to trace the position of the centro- 
meres. . Their position was intercalary in all chromosomes. Eight of 
the chromosomes were attached medially-submedially, the ninth chro- 
mosome was somewhat more asymmetrical. This latter one is most 
probably the satellite chromosome. As already known, certain size 
differences occur within the beet idiogram. The largest chromosome is 
2,5—2,8 uw in length, the smallest is 1,,—1,7 u. Between these extremities 
the transition is continuous. Satellites were not seen regularly, but 
especially in one fixation (Fig. 3a) there often occurred terminal 
differentiations, probably of the same kind as those observed in haploid 
rye (LEVAN, 1942 a). 
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A typical pachytene stage occurs in the beet haploid as well as in 
Antirrhinum (ERNST, 1939) and in the rye haploids. Although this 
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Fig. 3. d, i and j diploid, the rest haploid sugar beet. a—b: root mitoses; a: meta- 

phase in polar view, b: an analysed anaphase group in side view. c—r: meiosis; 

c—d: pachytene, e: early diakinesis, f: later diakinesis, g: chromosome pairs at 

diakinesis, h: instances of metaphase I bivalents in the haploid, i, j: two analysed 

metaphase I plates of the diploid, k: metakinesis, 1, m: metaphase I, n—q: anaphase I, 
r: metaphase II. — X 3900. 
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stage is very much less clear in Beta, it was with certainty seen that 
paired segments occurred regularly in the pachytene nuclei (Fig. 3 c). 
All transitions were found between total lack of pachytene pairing and 
almost complete pairing. More often than in rye with its longer chro- 
mosomes, paired chromosome ends were seen in the beet. This con- 
dition, that the chromosome ends pair at the same level even if the 
interior parts of the chromosomes remain unpaired, may be taken 
as a sign that the zygotene pairing in Beta is of the proterminal type. 

On a few occasions one or two cells of a pollen chamber at pachy- 
tene were found to be of a larger size and evidently to have the diploid 
chromosome number (Fig. 3d). They were surrounded by haploid 
cells at the same stage. This condition permitted a good control of the 
fact that such chromosome threads as in haploid cells were interpreted 
as paired really were paired. In the diploid cells pairing at this stage 
seemed to be normal although not complete. Solitary diploid cells met 
with at later stages showed that chiasmata were not formed regularly 
within them. One diploid cell at metaphase I, for instance, had only 
one bivalent and 16 univalents, these latter arranged in pairs. Nuclear 
and nucleolar size in haploid and diploid cells at pachytene is seen 
from Fig. 3c and d. 

In Beta it is impossible to follow the prophase step by step as in 
Secale. At diplotene, for instance, the chromosomes are so weakly 
stained that I have been unable to observe any details. At early 
diakinesis (Fig. 3 ¢) the chromosomes frequently occur in pairs, their 
point of contact often being intercalary. This pairing is most often 
purely spiralization pairing or residuary pairing (LEVAN, 1942 a), but 
at times real interstitial chiasmata were met with. At later diakinesis 
(Fig. 3f, g) the chromosomes are shorter and it is often difficult to 
trace their residuary pairing. The contact points of the pairs is now 
almost always terminal. ; 

After the disappearance of the nuclear membrane, the chromo- 
somes are gathered towards the centre of the cell. The arrangement 
in pairs may sometimes still be quite evident (Fig. 3k). The chromo- 
somes now react towards the spindle and the difference between 
chiasma pairing and residuary pairing becomes evident. While chro- 
mosomes held together by chiasmata form bivalents, or in solitary cases 
trivalents, which are co-orientated on the spindle, the univalents are 
scattered out irregularly (Fig. 31, m). 

Real chiasmata occurred rather often in the haploid at metaphase I. 
Their frequency varied somewhat in different slides. In two slides, 
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which were especially well-fixed, the following frequency of different 
elements were recorded: 


Configuration Number of cells Percentage 
Ns die tit athe, 34 <a ao Wa.b Roe RSS 161 56,1 
EE 9 9 sob 4 6.5 bis's aE pA 97 33,8 
EE irc ot hs os bay han eo 21 7,3 
EE iis Vika ba cob ceeeae 2 0,7 
2 ee 4 ge 2 Sea rae eae 2 0,7 
a gS a a ee 3 1,1 
Se Sie k,n 1 0,4 


Thus, in these slides there occurred one chiasma in about every second 
cell. This frequency is probably among the highest present in this 
haploid. In other fixations the chiasma frequency was estimated at 
0,3—0,1 per cell. 

Fig. 31 and m represent two extremes in chiasma occurrence, in 
1 all chromosomes are univalents and in m one trivalent and two bi- 
valents are present. Bivalents from the haploid are pictured in Fig. 3 h 
and bivalents from a diploid sister plant are shown in Fig. 3i and j. 
The bivalents in the haploid are always rods. The chiasmata are 
usually terminal, but not infrequently interstitial chiasmata also occur 
at metaphase I. Most chiasmata are symmetrical, which indicates that 
the pachytene pairing has started at the ends or, in any case, at the 
same distance from the ends in both chromosomes involved. Exception- 
ally, however, clearly asymmetrical chiasmata were also found (e. g. 
the bivalent last in the row of Fig. 3h). Unfortunately, the size differ- 
ences between the chromosomes are not considerable enough to allow 
of the certain identification at metaphase I of any definite chromosome. 
As a rule, no pronounced size difference between the two paired chro- 
mosomes of a bivalent was seen, which probably would have been the 
case if the largest and the smallest chromosome were involved in the 
same bivalent. This suggests that the pachytene pairing is not absolut- 
ely at random. On the other hand, rather evident size differences 
occurred between different bivalents, which goes to show that it cannot 
be the same two chromosomes which preferably paired. 

Generally speaking, the bivalent shape of the haploid is in agree- 
ment with that of the diploid sugar beet. This may be seen by com- 
paring Fig. 3 h with i and j, in which two metaphase plates of a diploid 
sister plant have been analysed. The rod bivalents are of exactly the 
same type. In the diploid ring bivalents with two chiasmata also occur. 
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Thus, the cell in Fig. 3i has no fewer than 5 rings, a maximal number 
encountered in the plant studied. In 25 analysed cells of the diploid 
the frequency of rods and rings was as follows: 


Rods Rings Number of cells 
9 0 6 
8 1 11 
7 2 5 
6 3 2 
5 4 0 
+ 5 1 


The number of chiasmata per cell varied from 9 to 14 (mean 10,3), 
which is about 20 times more than in the haploid. The number of 
non-terminalized chiasmata of the diploid was 0 to 6 (mean 2,6). 

Anaphase I of the haploid shows some variation in type. In some 
cases all chromosomes assume anaphase appearance (Fig. 317), the 
split between the chromatids being clearly visible. The univalents are 
then assorted to the poles, each univalent proceeding to the nearest 
pole. Bivalents are stretched out between the poles. The chromosomes 
of the bivalents separate eventually and go one to each pole. This is 
the normal type of anaphase I. In certain pollen chambers, however, 
several (1—8) univalents quite regularly went to the equator and 
remained there exhibiting all signs of being about to divide (Fig. 3 o—q). 
They were very much extended, indicating that their centromeres were 
incapable of dividing. Their centromeric regions were drawn out into 
long bridges, sometimes reaching from pole to pole. Pictures such as 
Fig. 3p and q strongly suggest that misdivision may take place. In 
the rye haploid similar pictures were met with, and there it could be 
actually demonstrated in metaphase II that misdivision at anaphase I 
was of frequent occurrence. 

The second division of the haploid sugar beet was often rather 
irregular, showing vagabonding chromosomes, supernumerary plates, 
etc. In one slide the following number of elements were counted in 
the different metaphase plates; the detailed study of this stage was 
impeded by the unfavourable condition of the material. 


Number of 9 8 7 6 5 5 4 $<: 10:12 
chromosomes 0 1 a: ae | 
in the plates —- —- - —- — 


Number of cases 


Noe do mS 
w 
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The last three configurations must contain chromosomes which have 
undergone division at the first anaphase. 


III. CONCLUSIONS. 


Having in my above-mentioned study of haploid rye discussed at 
some length the mechanism of meiosis in this haploid and also made 
comparisons with a number of other haploids studied up to that time, 
I need now only very briefly, state that the sugar beet haploid shows 
agreement with the rye haploid on many points which were shown to 
be characteristic of the rye haploid and presumed also to occur in most 
other haploids. 

Thus, a quite striking feature is that the beet haploid, as well as 
all haploids previously studied, strives to undergo the typical meiotic 
course with all that this involves in regard to very characteristic develop- 
mental details. At a certain stage in the life history of the plant the 
meiotic mechanism starts in a haploid as in all other ploids. The 
mechanism of meiosis is undoubtedly adapted for the diploid chromo- 
some number. In those haploids which occasionally occur in diploid 
species meiosis resembles as closely as possible the conditions in the 
corresponding diploids. Owing to the absence of homologous chro- 
mosome pairs the entire mechanism, however, ends in failure. On the 
other hand, such haploids as are normally present in the life cycle of 
certain organisms have developed some deviation in their meiotic 
course to enable them to escape the meiotic breakdown inevitable in 
the casually originating haploids. 

It is rather suggestive that a typical pachytene stage is found in 
the three haploids which have so far been studied in detail. The 
pachytene stage consequently does not necessarily require the presence 
of two homologous genomes, within which every chromomere has a 
homologous partner to become paired with. Pairing occurs in the 
haploid although only one chromosome of each kind is present. It is 
reasonable to believe that the main course of pairing is genetically 
fixed in the species, the haploid trying to imitate the diploid as closely 
as possible. In the diploid rye and sugar beet the chiasmata are 
situated at or close to the chromosome ends, probably due to pachytene 
pairing starting from the ends. The same general picture is charact- 
eristic of the haploids of these species. The pachytene pairing seems 
to be proterminal and the bivalent shape at metaphase I agrees with 
that in the diploids. 
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The great difference between meiosis in haploids and corresponding 
diploids is, above all, that the haploid pairing generally gives rise only 
te very few chiasmata. Consequently, when the chromosomes contract 
during diplotene-diakinesis, the haploid pairing gradually disappears. 
It is maintained sometimes through the entire prophase as a spiraliza- 
tion pairing that is of a similar nature to the pairing found in some 
asynaptic plants (e. g. LEVAN, 1940), but at metaphase I, if not earlier, 
it is lost. 

During the study of the rye haploid I attempted a statistical 
analysis of the few real chiasmata, which were found at metaphase I 
in haploids. I was able to demonstrate that all chiasmata (in Oenothera) 
or part of them (in Antirrhinum and Secale) were distributed according 
to a POISSON series, i. e. the chiasmata may have been caused by purely 
chance factors. This condition may be taken as an indication that 
chiasmata in haploids are not formed between certain homologous seg- 
ments but are scattered out at random over the entire paired chromo- 
some length. 

This condition has also been tested in the beet haploid, and here, 
too, the agreement between the chiasma frequency found and POISSON 
was rather close. From the table on page 406 the following values are 
obtained: 


Number of chiasmata per cell: .... 0 1 2 3 4 5 
» EMO eee eer Lee 161 97 24 4 1 0 
Expected according to POISSON: .. 163,s 91,9 25,3 48 07 0, 


274° = 0,528, Thus, the cytological analysis of the sugar beet haploid 
gives support to the hypothesis earlier suggested, viz. that the chromo- 
some pairing in haploids depends on purely chromosome-mechanical 
factors and that as a rule the chiasmata formed should not be taken 
as proof of homologies within the genome. This hypothesis thus im- 
plies a warning that conclusions concerning the evolution of the genome 
by duplications should not be drawn merely from observations of bi- 
valents during metaphase I of haploids. 


SUMMARY. 


The morphology and cytology are described in a haploid plant of 
sugar beet that occurred in the progeny of a colchicine-treated diploid. 
The haploid had a typical pachytene stage with, sometimes, rather com- 
plete chromosome pairing. During later meiotic prophase pairing was 
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of two kinds, spiralization (residuary) pairing and chiasma pairing. 
The former type disappeared before metaphase I. The chiasma fre- 
quency was shown to agree with a POISSON distribution. The possible 
bearing of this on the understanding of the nature of the chiasmata is 
pointed out. 
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I. INTRODUCTION. 


= first spontaneous, triploid aspen — a male clone — was 
discovered by NILSSON-EHLE on the Bosjékloster estate in Scania 
in 1935 (NILSSON-EHLE, 1936). The cytological behaviour of this aspen 
was studied by MUNTZING (1936), who found that unreduced pollen- 
grains were developed in some frequency. MUNTZING also pointed out 
the possibility this implied of producing tetraploid individuals by 
crossing the triploid with diploid female trees. 

Under NILSSON-EHLE’s guidance a number of such crosses were 
carried out in the winter of 1937. One tetraploid plant appeared among 
the progeny obtained (NILSSON-EHLE, 1938; BERGSTROM, 1940). Its 
mother was a diploid aspen from Satra Bruk in Vistergétland. 

The tetraploid plant was propagated by grafts and root slips in 
the spring of 1938 by Mr. H. JENSEN, Ramlésa. In the spring of 1944 
some of these clonal individuals flowered for the first time, it being 
then found that the tetraploid was a male. It was now possible to 
backcross the tetraploid with a diploid aspen, this work being carried 
out at the Institute for Forest Tree Breeding, Ekebo, Kallstorp. The 
chief purpose of these crosses was to realize the plan NILSSON-EHLE 
(1938) had put forward for the mass production of triploid seed-plants 
for silviculture. During the summer of 1944 about 30.000 such plants 
were raised. In addition, some investigations were undertaken. to 
ascertain the differences existing between the diploid and the triploid 
aspen. The first results of these studies are presented below. 


II. MATERIAL AND METHODS. 


The material comprises five progenies from the crosses between 
the tetraploid aspen as father and various diploid trees as mothers as 
well as five progenies of crosses between the same mothers and diploid 
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trees as fathers. The crossings were carried out and the material 
cultivated in the manner described by JOHNSSON (1942). 
The following combinations were included: 


Female parents Male parents Cross No. 
Populus tremuloides po eer eee 44— 1 
Hamra No. 10, Ostergétland.. 44— 2 

Satra No. 4, Vastergétland eee re 44 7 
Satra No. 1, Vastergétland .. 44— 8 

Haggeby, Uppland pe reer rrr ree 44 9 
Ne Pee ere 44-10 

Skeppmora, Vastmanland De NS 60's bee ewes 4411 
he er re rea es 44-12 

As No. 5, Akershus, Norway The tetraploid ............. 44—25 


As No. 20, Akershus, Norway 44—26 


During the summer these ten crosses were planted in cold frames 
as comparative trials on the principle of FISHER’s block method. Each 
patch consisted of a frame-sash covering 112 plants, the replications 
being three in number. The special methods of examination employed 
will be described in the course of the following account. The results 
are evaluated with guidance of the z-test, according to FISHER (1938). 
Probabilities < 0,001 are denoted with ***, between 0,01 and 0,001 with 
++ and between 0,05 and 0,01 with ~*. 


III. FERTILITY OF THE TETRAPLOID. 


The tetraploid proved to be a pure male aspen, without any trace 
of intersexuality. During flowering it behaved perfectly normally. The 
floral organs were well developed and larger than in most aspens, 
though not conspicuously large. Pollen was liberated in large quantities. 
The pollen-grains were very equal in size, fully as uniform as those of 
diploid aspens, contrasting in this respect sharply with the varying 
pollen of the triploids, as is evident from the following data. 


Diameter of pollen-grains in units 


Tree 10 11 12 #13 14 #+415 16 17181920 Mean 
The tetraploid ...... 5 28 36 20 11 15,04 + 0,11 
Grafsnias, triploid .... 2 11 25 3717 8 3 3462 13,47 + 0,21 
Hamra No. 10, diploid 3 10 42 33 12 12,41 + 0,09 


There is a continuous rise in the mean diameter of the pollen- 
grains from the diploid to the tetraploid state. In the cases set forth 
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here the triploid has, on an average, a pollen diameter that’is 8,5 % 
larger than that possessed by the diploid, and the pollen diameter of 
the tetraploid exceeds that of the triploid by 11,7 %. 

The seed-setting after pollination with pollen from the tetraploid 
was a little lower than that after application of pollen from the diploids. 
The number of seeds per capsule was determined for four tetraploid 
and four diploid crosses. The figures given indicate the mean numbers 
for ten capsules. 


Mother tree P. trem. Satra Haggeby Skeppm. Mean 
Father tree te (32 42 2a. 4 2c 40 Qs 42 & 


No. of seeds per capsule 5,0 69 83 97 7, 92 7,3 88s 6,9 87 


Thus, the diminution in seed production after pollination with 
pollen from the tetraploid amounts to 21 %. This shows a not incon- 
siderable zygote and embryo lethality. The reduction in fertility, how- 
ever, is not so great as after pollination with pollen from the triploid 
aspen, in which case JOHNSSON (1940) found 9,9 seeds per capsule after 
diploid pollen and only 5,1 after triploid. 


IV. CHROMOSOME NUMBER OF TETRAPLOID PROGENY. 


‘Chromosome counts were made on altogether 160 plants obtained 
from four crosses. The results were as follows: 








Cross Chromosome number 

No. 47 48 49 50 51 52 53 54 55 56 57 58 59 n Mean 
44 1 Bee ee BS Se 45 55,96 
44— 9 Fae Se SS Foe ae Pe ae 2 De ee 54,95 
44-11 a | 4 3 4 19 3 36 55,92 
44-13 1 S08 SS FS) ol ae 55,96 
Total Oe Se oD Oo a AE SE 22 74 8 2 IGE 55,57 


The triploid number, 2n = 57, was found in 74 plants of 160 or in 
46,3 % of the progeny. As many as 86,9 % of the progeny fall within 
the range 54—59 chromosomes. A lower number than 57 is shown 
by 76 plants, i. e. 47,5 % of all plants, while only 10 plants, correspond- 
ing to 6,3 % of all, have a higher chromosome number than 57. 

Some uncertainty in the determinations — see JOHNSSON, 1940 — 
may have contributed to the dispersion in chromosome numbers. None 
the less, the result is undoubtedly significant. Thus, it may be affirmed 
that on being crossed with diploids the tetraploid gives mainly triploid 
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offspring. However, especially small deviations from the triploid 
number are common, in particular aberrant individuals with lower 
numbers than the triploid. The meiosis of the tetraploid must con- 
sequently be rather irregular, since the progeny have varying chromo- 
some numbers and the seed-setting after pollination with the tetraploid 
shows a diminution. In all probability this reduction is due to the fact 
that gametes emanating from the tetraploid have a lethal effect. 
Probably a greater or less portion of this gamete fraction is numerically 
aberrant. The meiotic irregularities of the tetraploid must lead to 
chromosome elimination, as the minus variates around the triploid 
number are far more numerous than the plus and the average chromo- 
some number of the progeny is lower than 57. Direct observations of 
the tetraploid’s meiosis could not be made, as the specimens prepared 
were unsuitable for this purpose. 

This meiotic instability, which is clearly apparent in the tetraploid 
aspen, also recurred in practically all the newly produced auto- 
tetraploids. 


V. HABITUAL APPEARANCE OF THE TETRAPLOID 
PROGENY. 


1. Leaf-size. — The triploid Populus progenies differ markedly 
from the diploid offspring. This difference is chiefly marked by the 
larger leaves of the triploids. Measurements of the leaf-sizes are sub- 
mitted in Table 1. The size of the leaves has been worked out by 
weighing carboard figures cut out to correspond to the leaves. Every 
figure recorded in the table is the mean of two average leaves taken in 
the middle of the plants. 

Analysis of the variance showed that the predominant cause of the 
variation is the difference in chromosome number. The variance due 
to this difference compared with that due to error gives z = 2,31797 **, 

Within varieties having the same chromosome number there are 
also significant differences in leaf-size. As a measure of significance 
for diploid varieties z = 1,010 ** is obtained, and for triploid varieties 
z = 0,701, which almost amounts to P = 0,01, the latter corresponding 
actually to z=0,707. The difference demonstrated here refers ex- 
clusively to the two Populus tremuloides progenies, which have con- 
siderably larger leaves than the pure P. tremula offspring. 

2. Leaf-thickness. — The leaves of the triploids differ from those 
of the diploids not only respecting area of leaf-surface but also in 
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having distinctly greater thickness, in addition to which they are a 
darker green. 

Measurements were made of the thickness of the leaves, taken in 
the angle of the midrib with its first lateral branch. They were made 
with a cover-glass tester on ten leaves from as many different plants 
out of each patch. Table 2 presents the results obtained. 

The analysis of the variance gave as measures of significance 
z = 2,6865++ + for the chromosome number difference, z= 1,3273*** 
for differences between diploid varieties, and z= 1,1474+** for differ- 
ences between triploid varieties. 

With regard to the varietal differences within groups possessing 
the same chromosome number, the thin leaves of the P. tremuloides 
cross-products are especially conspicuous. The As offspring also have 
thin leaves, while the Satra, Haggeby and Skeppmora offspring 
correspond closely with one another and have thicker leaves, the Satra 
having the highest values. Thus, although the most important cause 
of the variation in leaf-thickness is the difference in chromosome 
number, there also occurs here a significant variation of another kind. 

3. Other habitual characters. — The most characteristic differ- 
ences between the triploid and diploid progenies have reference to the 
leaves. The structure of the stem, however, likewise exhibits differ- 
ences. Compared with their height the triploids possessed a somewhat 
thicker stem — see below — and hence gave a more robust impression. 


VI. SIZE AND NUMBER OF CELLS. 


1. Length of stomata. — The stomata appear to be always larger 
in autopolyploids than in the original diploid forms. Such is also the 
case in P. tremula (MUNTZING, 1936; BERGSTROM, 1940; JOHNSSON, 
1940). The stomatal lengths found in the material under investigation 
here are collected in Table 3. The patch values recorded are means of 
50 stomata. 

The difference between diploids and triploids is beyond all doubt, 
with z = 2,2135***,. No significant variation appears, however, between 
varieties with the same chromosome number. 

Thus, the stomata in the triploids were 26 % longer than those 
in the diploids. If the breadth of the stomatal cells follows the same line 
and the other cells follow the stomatal cells in this respect, the ratio be- 
tween the cellular surfaces in triploid and diploid aspens will be 
1,59: 1,0. Therefore, if the number of cells in different organs is the 
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same in both chromosome-number races, the surfaces of the organs 
will be in the ratio 1,59: 1,00. For leaf-surfaces 1,56 : 1,00 was obtained, 
as seen in Table 1. 

2. Number of stomata per unit surface. — The larger the cells, 
the smaller must their number be per unit surface. This relation ought 
to find expression in the number of stomata per unit of surface, 
provided the number of cells in the tissues lying between the stomata 
is the same. To investigate this point the number of stomata per unit 
surface was determined. This was done with the aid of net-micrometer, 
object glass 40 and eyepiece 7. The results are furnished in Table 4, 
in which the patch data are means of 10 surface units. 

' The only characteristic cause of variation is the difference in 
chromosome number with z= 1,933%6***. The number of stomata per 
unit surface in triploids and diploids shows the ratio 1,00 : 1,53, which 
is in good agreement with the corresponding calculated ratios for cell- 
size, 1,59: 1,00, and for leaf-area, 1,56: 1,00. For the leaves, thus, it was 
possible to determine that the number of cells in their superfices is the 
same in diploids and triploids, and that the increase in the area of the 
leaves is directly proportional to the increase in the surface of the cells. 
From this it follows that the number of stomata per leaf should be 
the same both in diploids and triploids. Counts gave 81.861 stomata 
per leaf in the diploids and 83.901 in the triploids, i.e. a difference 
amounting to only 2 per cent. 

3. Length of wood cells. — To investigate the influence of the 
chromosome number on cell-size in other organs than the leaves 
measurements were taken of the wood cells in the stem. For this pur- 
pose three plants of medium size were employed from each patch. 
Test-pieces about 2 cm. long were taken from the middle of the stem. 
These were mascerated by boiling for two hours in alcoholic nitric 
acid according to KURSCHNER’s technique, and were then beaten up in 
water. When the specimens were being prepared glycerine was added. 
The preparations were projected with the microscope, objective 5 
and eyepiece X 7. The projections of the wood cells were measured 
with dividers and millimetre scale. Measurements were taken of the 
lengths of 100 wood cells from each plant, and the patch values given 
in Table 5 are the means of 3 X 100 cells. 

The only outstanding source of variation here is the difference in 
chromosome number. The reliability of the difference in wood-cell 
length between diploids and triploids is indicated by z= 1,991*t**. 
Hence the increase in chromosome number has brought about a size- 
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Mother | P. tremuloides ee * Sitra x Haggeby Skeppmora As ok ; “Mean. | 
Father | tetrapl. | Hamra | tetrapl. | Satra | tetrapl. | Hamra | tetrapl. | Satra | tetrapl. | As | tetrapl. diploids | 
| eee | | | 
| Block I...... 67 | 10, 6,6 11,6 79 | 7,0 | 11,4 7,9 8,5 le 1-4 
| Block II ... 6s. | 6,8 6,5 | 106) 6,9 | 11,8 6,4 | 10,9 6,9 12,3 Or | se] 
Block III... 63 | 9% 6,8 | Be | Be 60 | 89 8,1 15,1 ws |) Bhs | 
| | | | | | 
Mean 0.3.05 6,5 | 9,0 | 6,6 11,6 | 7,9 | 10,5 6,5 | 10,4 7,6 | 12, 10). Oa 4 
TABLE 5. Lengths of the wood cells, 1 unit = 0,01205 mm. 
| Mother | P. tremuloides |  Satra | — Haggeby Skeppmora | As Mean 
Father | tetrapl. | Hamra tetrapl. | Saitra | tetrapl. | Hamra | tetrapl. Satra | tetrapl. | As | tetrapl. diploids 
| | | | | 
| | 
| Block I...... Als | - 363 44. | 396 | 43,8 38,5 44,6 | 36,7 44,1 38,5 | 44,2 | 37,9 
| Block II ... 43,5 41,7 | 46,8 37,7 49,3 40,6 43,1 | 40,0 49,7 39,1 | 46,5 39,9 
| Block III... | 47,6 38,3 | 48, 42,3 Sl =| 44,0 48,5 | 40,2} 46,9 41,0 | 48,5 41,2 
| Mean......... | 44,3 38,7 | 465 | 309 | 487 41,0 45,5 | 390! 469 | 306 | 464 | 396 
TABLE 6. Diameters of the wood cells, 1 unit = 2,4 wu. 
Mother | P. tremuloides | Satra Higgeby Skeppmora As | Mean | 
Father | tetrapl. | Hamra | tetrapl. | Sitra| tetrapl. | Hamra | tetrapl. | Sitra | tetrapl. | As tetrapl. | diploids | 
l | | | | 
Block I...... 10,9 | 10,4 | 10,2 | 8,9 9,5 9,1 10,5 | 85 | 110 | 7,9 } 10 | 90 | 
Block II... | 124 | 10,9 | 115 | 80] 10,5 10,1 oe | Gel tee ket See 8 
Block IH...| 93 | 8 | 1s | 8s] 113 | 10,9 11s | 95 | 125 | 90! ts | >. 
Pifeen.........| Me | ‘Os |: fe: 1 Oe| 4 | 10, a ae a a St a 
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increase not only in the cellular components of the leaves but also in 
those of the wood. The average increase in the length of the wood 
cells amounts to 17 % as against 26 % for the stomatal cells. Whether 
this measured difference corresponds to a real effectual difference 
cannot be immediately decided. 

4. Diameter of wood cells. — The diameter of the wood cells was 
determined by direct measurement with the eyepiece micrometer, 50 
cells being measured from each specimen employed for the length 
measurements. Hence the values in Table 6 are means of 150 cells, 
50 from each of three plants. 

No differences have made their appearance within varieties having 
the same chromosome number, while difference in chromosome 
number has brought about a difference in cell-diameter, the statistical 
reliability of which is indicated by z= 1,610***. According to the 
measuring results, the triploids have 20 % wider cells than the diploids. 
Expressed in absolute units the triploids have a wood-cell volume of 
k,. 3,20 X 10 * cmm. and the diploids one of ky. 1,81 >< 10°* c.mm. 
- The factor k is an expression for deviations of the cells from the cylinder 
having the measured cell-length and cell-diameter. This deviation is 
mainly due to the narrowing of the cells towards their ends. This 
constriction should be fairly equal for both triploids and diploids, and 
therefore k, may be approximately taken as equal to kg. The triploid/ 
diploid ratio in respect of wood-cell volume would therefore be 
3,20 : 1,84 or 1,74: 1,00. If this applies to all the cellular elements in the 
stem, then the growth of the stem per period of vegetation in triploids 
and diploids will likewise show the ratio 1,74: 1,00, provided the rate 
of cell division in the cambium is the same for both chromosome- 
number groups and the divisions go on during equally long periods. 


VII. GROWTH OF STEM. 


1. Growth in length. — The patch means of the plant-height at 
the end of the growth period in the autumn are given in Table 7. The 
patch values are means of all the plants in the patches, 112, or slightly 
under owing to one or two plants having died or been damaged during 
the summer. 

Here, the difference in chromosome number is no longer, as 
previously, any major cause of variation; on the contrary, it is not 
responsible for any general difference at all. The measure of signific- 
ance, z, has the value 0,372. There makes its appearance instead a 
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TABLE 7. Plant heights, in the autumn, cm. 









































/ Mother P. tremuloides a Satra | i Haggeby | Skeppmora | As Mean | 
a (aes seen : F scsi et ae at 
| Father | tetrapl. | Hamra | tetrapl. | Satra | tetrapl. Hamra | tetrapl. Satra | tetrapl. | As | tetrapl. | diploids | 
Block [...... 631° |  9i;0 43,1 45,3 | 463 | 54,0 45,6 | 37,5 | 50,0 | 28,9 | 49,6 51,5 | 
Block II...) 81,7 889 | 474 | 563 | 53,1 67,3 445 | 416) 75,9 | 559] 60, | 620 | 
Block IIT... 76,5 91,6 50,4 | 558) G61 | 79,9 46,9 | 52. 7. | @! = Ga | Oh 
Mean.........| 73,8 | 902 | 470 | 525 | 542 | 671 | 45, | 438 | 654 | 491 | 57,2 60,7 
TABLE 8. Stem diameters, in the autumn, mm. 
Z | Mother P . tremuloides Satra | Haggeby | Skeppmora As Mean 
g Father | ‘tetrapl. | Hamra | tetrapl. Siitra tetrapl. | Hamra | tetrapl. | Satra z tetrapl. | As | ‘tetrapl. diploids 
g | | | | | 
ze | Block T...... 4,8 6,4 a5 fe, 43 1 & | “ |) Be 4,1 Bs: of -vidige et Sg 
g | Block II ... 5,6 6,0 4,1 42 | 43 46 A ae a 5,2 | 4,2 4,7 46 | 
a Block III... | 5,2 6,3 4,4 42 | 4,6 (in one 3,9 Aa hee 4,8 40°), | 
l 
8 ae tak ae eS" 4,1 42 | 43 4,7 4,2 3,8 4,1 4: ae ee 
TABLE 9. Stem volume, cm’ 
& Mother ; |  P. tremuloides Satra Haggeby | Skeppmora | & As __ Mean : | 
| Father | ‘tetrapl. | Hamra | tetrapl. | Satra tetrapl. | Hamra tetrapl. | Satra| tetrapl. As | “tetrapl. | di iploids | 
| Per | | | 
| Block I...... | 3,6k | Oak | Jsk | ijsik} 1f,95k | 2,27k | 201k | losk | 2,10k | O,ook | 22k | 3,05k | 
| Block II 640k | 800k 210k | Qask| 255k | 3,56k 206k | 1,s3k | 5,13k Qa7k | 3,67k | 3,67k | 
on Block III... 5,17k 9,09k Qask | 2,70k | Sjosk | 5k 207k | Iyook | 4,05k 3,50k | 3,39k | 4,60k | 
a | | | 





| . — | 
= | | Mean......... | 5,06k | 8,83k 2,01k 233k) 2yssk | 3,81k | 205k | 1jesk| 3,76k | 2,25 3,10k 3,7k | 
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significant variation within the chromosome-number races. For the 
variation within the triploid crosses z is 1,171***, for that within the 
diploid it is 1,6157***. Within diploids as well as triploids the 
P. tremuloides cross is much above the pure P. tremula crosses. Thus, 
we are confronted here with a pronounced heterosis effect. A con- 
tributory cause of this heterosis may be, and probably is, that the 
maternal parent of P. tremuloides was derived from a more southern 
latitude than the place of trial. As a matter of fact, it has been found 
that transplantation northwards of, e. g., P. tremula results in increased 
growth up to the limit af hardiness, photoperiodicity (SYLVEN, 1940). 
The source of the P. tremuloides tree employed in the trials is certainly 
unknown, but, as the greater part of the area of the species is south of 
56° — the latitude of the place of cultivation, be it noted —, it is very 
probable that the tree belongs to a southern race. On the other hand, 
all parents of the P. tremula included in the trial originate from more 
northern regions than the place of trial. 

The standard deviation of the error amounts to 6,52, which makes the 
standard error of the difference between varieties 5,32 cm. Thus, among 
the pure diploid aspen crosses, Haggeby X Hamra is characterized by 
a significantly greater plant-height than the three others, which do not 
exhibit any sure difference among themselves. Of the pure triploid 
aspen crosses, As X the tetraploid is definitely higher than the other 
three. Verified differences between diploid and triploid half-sibling 
families exist in two cases. In one — that with P. tremuloides as mother 
-— the diploid family is superior, whereas in the other — that with As 
as mother — the triploid family occupies that position. 

2. Growth in diameter. — The stem-diameter was measured 10 cm. 
above the ground on all plants in the patches, and the means for the 
respective patches are set out in Table 8. 

Here, too, the difference in chromosome number does not prove 
to be any cause of variation. Instead, a significant variance appears 
within both chromosome-number groups, represented by z= 1,6185*** 
and z = 0,9983** for diploids and triploids respectively. This variation 
is entirely due to the two P. tremuloides crosses, which undoubtedly 
have a greater diameter than the pure aspen crosses. 

Between growth in height and growth in diameter there is a very 
strong positive correlation with r= 0,%s. The measure of significance 
for this correlation is t= 17,67, which gives an exceedingly small 
probability for randomness. 

3. Growth in volume. — The best measure of a stem’s growth is 
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manifestly its cubic content. If the height (h) and the diameter (d) of 
the stem are measured at a definite point, the volume of the stem may 


2 
be expressed as k. (5) h, where the constant k includes z as well as a 


factor that represents the deviation of the stem from the cylinder of 
h height and d diameter. This constant may be assumed as approxim- 
ately equal for all the varieties, and hence the computations of stem- 
volume recorded in Table 9 will no doubt give a good view of the 
relative growth in volume during the first summer. 

Quite the greater part of the variance is intra-group variance with 
z == 2,521*** for triploid varieties and z = 1,0225*** for diploid. On 
the other hand, the difference in chromosome number has not mani- 
fested itself in any definite difference in volume growth; z is 0,s199*. 
The intra-group variance is based almost entirely on the differences 
between the P. tremuloides crosses and the pure P. tremula crosses. 
With a standard error per patch of 0,6611 k, the standard error per 
varietal difference of 0,66 k is obtained. A significant difference in stem 
volume must therefore amount to about 1,98 c.c. From this it is evident 
that with the diploid crosses the family having P. tremuloides as mother 
is superior to all the other families. Among the pure P. tremula 
crosses the only decided difference appears between Higgeby X Hamra 
and Skeppmora X Satra, showing superiority for the former. Within 
the triploid families the P. tremuloides family is likewise distinctly 
superior, though the difference between P. tremuloides X the tetraploid 
and As X the tetraploid is not statistically verified. The only case in 
which half-sibling diploid and triploid families clearly differ is the 
P. tremuloides families, with the diploid family as the superior. 

In the triploids the volume of the wood-cells proved to be 74 % 
greater than in the diploids. However, there is no increase in volume 
growth corresponding to this in the triploids. Growth started under 
artificial conditions simultaneously for both chromosome-number races. 
It terminated under the influence of natural climatic conditions. No 
difference whatever between the chromosome-number races in the rate 
at which growth declined or its definite cessation in the autumn could 
be observed. It is therefore manifest that the rate of cell-division in 
the cambium and the vegetation point of the top must be so much lower 
in the triploids that this lower speed of cell-division counteracts the 
greater cell volume. This point is dealt with more closely later on in this 
paper, and the significance of the result at a high age is also discussed. 
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VIII. PHYSIOLOGICAL INVESTIGATIONS. 


1. Osmotic pressure. — Determination of the plasmolysis was per- 
formed in the epidermis of the petiole, a tissue that is well suited for 
such investigations on account of the regular, rectangular shape of the 
cells. There was however a somewhat disturbing element, viz. some 
of the cells were anthocyan-bearing, others not. The plasmolysis was 
determined in cane sugar solutions with intervals of 0,05 mol/lit. A 
series of determinations were undertaken on each patch, and the results 
have been drawn up in Table 10. From the table it is immediately 
seen that no differences of significant value appeared in osmotic 
pressure, 

2. Transpiration intensity. — The transpiration intensity was 
estimated on severed leaves, one leaf of medium size being taken from 
each patch. Ten leaves from each block were included in the same 
series. The test was carried out in the laboratory during the period 
July 9—11 under a temperature of about 29° C and lasted three hours. 
Table 11 shows the computed exhalation of water per 50 cm’ of leaf- 
surface per hour. The mean for the whole test shows in all cases a 
higher transpiration for the diploid families, but the results for the 
patches are not in full agreement. The difference between the chro- 
mosome-number races is likewise not statistically demonstrated. 

z for the difference between the chromosome-number races 
amounts only to 0,4338, corresponding to P > 0,10. Nor is the intra-group 
variance statistically verified. In any case it seems probable that the 
triploids have not a greater transpiration intensity per leaf-surface than 
the diploids. The correlation between the surface of the leaves and 
the amount of water given off during the test is very strong, the 
correlation coefficient for the 30 estimations, 15 for diploids and 15 for 
triploids, amounting to 0,817. Hence there is no great latitude for 
possible influences from the larger stomata of the triploids or the more 
numerous stomata of the diploids or for specific differences between 
the chromosome-number races. 

If the loss of water is expressed in terms of grams per dry matter 
— Table 12 — there appears a greater transpiration intensity in the 
diploids owing to the lower dry-matter content per unit surface of 
these. However, this difference also is not significant. 

3. Assimilation intensity. — The assimilation intensity was 
determined on severed leaves. The apparatus employed closely 
resembled ANDERSSON’s (1944). As container a Kolle flask was used. 






























































TABLE 10. Sugar values in epidermis of the petioles, mol/lit. 
Mother P, tremuloides | Satra | Haggeby sat ~[ Skeppmora | As Fe Mean | 
| Father | tetrapl. | Hamra | tetrapl. | Satra | tetrapl. | Hamra tetrapl. | Satra | tetrapl. | As | tetrapl. | diploids | 
Block. I...... 0,50 | 0,55 0,45 0,45 0,55 0,55 | 0,50 | O15 | 0,50 | 0,55 | 0,50 | 0,51 | 
Block II ... 0,50 | 0,45 0,55 | 0,50 0,50 0,55 0,55 O55 | O4s | 0,55 | 0,51 0,52 
| Block IIL.. 045 | 0,55 0,55 | O45 0,45 0,40 0,60 | 0,50 | 0,40 =| Oo | O49 | 0,10 | 
| MEG@OID..2.,5.<: 0,48 | 0,52 0,52 0,47 | 0,50 0,50 | 0,55 0,50 | O45 | 0,57 | 0,50 | 0,51 
TABLE 11. Loss of water per 50 cm? leaf-surface and hour, mg. 
Z 
3 Mother ee tremuloides Satra | Haggeby | Skeppsmora | As Mean 
C jee eee ee, —— SS Es ee a ae = = 
iS | Father | tetrapl. Hamra | tetrapl. | Satra tetrapl. Hamra tetrapl. | Sitra tetrapl. As tetrapl. diploids | 
} | 
= | | | 
4 Block I...... | 243 229 | . 305 272 290 314 310 Bei l= Qao” | Bara 3287 | 285 | 
g Block II ... | 206 235 257 310 388 396 274 352 | 326 | 305 290 | 320 | 
= | Block III... | 247 289 | 267 311 3138 | S22 | we | of 227 306 266 | 298 
| r ' | 
| Mean......... 232 | 251 276 | 297 | 330 | 337 287 318 | 281 299 287 ot + 300 & | 
TABLE 12. Loss of water per gm dry matter, gm. 

1 Mother a FP: tremutoides - Satra | Haggeby Skeppmora aes As 7 Mean | 
Father tetrapl. | Hamr: ‘tetrapl. Satra a | tetrapl. Hamr: > tetrapl. | Satra i tetrapl. | As tetrapl. | diploids | 
oS | | | | | | 
Be | Block I...... | 1,30 | 1,07 | 1,73 | 1,40 | 1,29 1,15 1,69 | les | 2,19 1,36 | 1,64 1,33 | 
Block II... | 1,19 | tse > | - dear | Tease | Aa 1,70 1,20 les | 1,61 1,49 | 1,42 Io | 

si | | Block II. Pe eee Se ee ee ee 1,50 1,69 | 1,32 | 1,44 $393] “Seep 3). ae: 
| 
S | | Mean......... 1,35 | 1,25 | 749°. kt Vise | 1,69 Las ot Ess 1,55 1,75 | 1,41 | 1,56 1,40 
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The duration of the experiment was 15 minutes, during which 2,10 litres 
of air were passed through the apparatus. This air contained about 
2,5 mg. of CO, per litre. The temperature was 25° C, and illumination 
was obtained from four 200-decalumen lamps at a distance of one 
metre. As the determinations could not be simultaneously carried out 
in series for a block, leaves from two half-sibling crosses were tested 
the same day, determinations being made alternately on leaves from 
plants with a diploid father and on leaves from plants with the tetra- 
ploid father. They were made on three average leaves from each cross, 
and the mean values of the three determinations are given in Table 13. 


TABLE 13. Apparent CO.-assimilation. 








| MgCO, per 50 cm? | MgCO, per gm dry| 








Date Mother Father 
leaf-area and hour, matter and hour 
| | | 
” a {|| Hamra | 2452 8,64 | 
Is ageedy || tetraploid | 2,25 9,33 
is Satr {| Satra | 1,60 6,25 
Py i | tetraploid 1,47 6,17 | 
| Satra 1,53 5,73 
1 ee 
/e | Skeppmora | tetraploid | 1,45 5,71 | 
” ‘ { As | 0,77 2,99 
ll ba | tetraploid | 0,88 3,27 
| . | Hamra | 0,75 2,67 | 
4/ | | 
|, | P. tremuloides | tetraploid | 0,63 | 2,37 
| Mean / diploids | 1,44 | 5,26 | 
Selatan | tetraploid | 1,33 5,37 


No definite difference in assimilation intensity between the chromosome- 
number races was found. In four of the five cases the carbon-dioxide 
consumption per 50 cm’* of leaf-surface was greater in the diploids, 
while in terms of grams per dry matter only in three cases did the 
diploids consume more CO, than the triploids. The determinations 
were undertaken during the period Aug. 27—Sept. 4. A remarkably 
rapid fall in the assimilation intensity during this short period made 
its appearance. The carbon-dioxide consumption the last day was not 
more than about one-fourth of the consumption the first day. This 
fact cannot possibly be interpreted as depending on any genetic differ- 
ence in the experimental material, but must demonstrate a specific 
decline in the assimilation intensity. In fact, just about the Ist of 
September the height growth of the plants came to an end. The daily 
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growth of 45 plants was recorded during the summer, and of these 21 
were still growing on Aug. 27, while 24 had already ceased to grow in 
height. The average growth during the 24-hour period Aug. 26—27 of 
the 21 still growing plants was 10,4 mm. During the corresponding 
period Sept. 3—4 only 7 plants were growing, with an average growth 
of 5 mm. It is therefore clear that the assimilation intensity falls off 
very rapidly at the time growth in height terminates. 


IX. DRY-MATTER CONTENT OF THE LEAVES. 


The measurements of dry matter made on the leaves in connexion 
with the investigations on the transpiration and assimilation intensity 
are collected in Table 14. The patch values in the table are means of 
two determinations. A consistently higher dry-matter content is shown 
by the diploids than by the triploids, and for the whole material this 
content is 9,3 % higher in the diploid progeny. The statistical value of 
the observation is fully assured; z for the difference between the chro- 
mosome races amounts to 1,3636, while P equals 0,001 for z = 1,3665. 


X. QUALITY OF THE WOOD. 


For the study of the character of the wood the ten largest plants 
of the original 12 in the fourth row of each patch were employed. The 
defoliated and winter-ripe plants were cut off at ground level in the 
middle of November, whereupon the investigations in view were im- 
mediately started. The stems were cut off at the middie, and the lower 
halves were used for the test. Pieces 2—3 cm. in length were cut off 
the tops of the barked test-samples for determination of dry-matter 
content and volume weight. The rest of the stems were ground for 
chemical analysis. 

1. Volume weight and dry-matter content. — The volume weights 
are given in Table 15. Each patch value is the mean of ten determin- 
ations on as many plants. The weights were calculated on absolutely 


dry volume. 

The reliability of the difference between the chromosome-number 
races is indicated by z= 1,591***. In every instance within the tri- 
ploid group there is also a_ significant difference, indicated by 
z= 0,8070* *, and consisting in a really lighter wood in the P. tremul- 
oides offspring as compared with the heavier one of the pure aspen 
products. There is here an interesting agreement with previous findings. 
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The volume weight for P. tremula is given by SIEBER (1935) as 0,45, 
and that for P. tremuloides as 0,40 by MORATH (1932). 

When the volume weight of the wood in an absolutely dry state 
is known, the approximate relation between wood substance and pores 
(cell-lumina and intercellular spaces) can be computed. Putting 
a = absolute weight of the wood, b = volume of the wood, c = pore 
volume, and d = specific weight of the wood substance, a—=d(b—c) is 
obtained, since the pore volume is naturally devoid of absolute weight. 


The equation is transposed into c = b —3 and is divided by b, when 


©— 1 _" jg obtained. ek however, is equal to the volume weight e, 
b b.d b 

and as the specific weight of the wood substance is the same for 
practically all varieties of trees and amounts to 1,56 (HAGGLUND, 1939), 
ey oe dee 
b 1,56 
wood volume consists of pores, while the pore volume of the diploids 
is 69,92. Higher pore volume and lower volume weight are not, of course, a 
necessary consequence of the larger cells of the triploids. The absolute 
difference between diploids and triploids, however, is rather small. 
The cause of the difference is no doubt to be sought rather in the fact 
that the larger cells of the triploid imply larger intercellular spaces 
than in the fact that the cell-lumina are larger relative to the total 
volume of the cells. 

The dry-matter content of the fresh wood is also lower in the tri- 
ploids, as shown in Table 16. 

For the variance due to difference in chromosome number 
z= 1,127**+*, Hence, a larger water content is to be expected in the 
triploids with their larger pore volume, since most of the water is 
present in the pores. Still, the difference in water content, 2,7 %, is 
less than expected, seeing that the difference in volume weight amounts 
to 9,3 %. If the water stored in the cell-walls is disregarded, the follow- 
ing relations are obtained between the volumes of wood substance, 
water, and air as calculated on volume weight and dry-matter content: 


Hence, for the triploids, it is found that 72,43 % of the 


Wood substance Water Air 
ena an oe 30,08 54,42 15,50 vol. percent 
EE 5 i Sy 49-4 3:5 we 27,52 52,26 20,22» > 


In spite of the higher water content computed on the fresh weight of 
the triploids these should have less water in the wood calculated on 
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the volume. In the diploids 77,83 % of the pore volume is filled with 
water, in the triploids only 72,10 %. 

Cellulose, pentosan and lignin estimations were made on the sam- 
ples prepared for analysis as described on page 426. 

2. Cellulose content. — The cellulose determinations were carried 
out according to the technique devised by KURSCHNER (SCHWALBE and 
SIEBER, 1931) with a boiling-time of four hours. The results obtained 
(means of duplicate determinations) are recorded in Table 17. The 
triploids show a 2 % larger cellulose content, this difference being 
statistically unexceptionable with z= 1,7142***. It cannot, however, 
be decided with certainty whether a definite difference in cellulose con- 
tent actually exists. The analytical procedure consists in dissolving all 
the substances in the wood except the cellulose. No ideal analysis 
would seem to exist in which all the »non-cellulose» matter is dissolved 
without residue but in which the cellulose is left unattacked. In these 
analyses, therefore, the result will depend on the length of the boiling 
period. To ensure reproducability the analytical conditions must there- 
fore be constant. It is, however, conceivable that the conditions of 
analysis are not the same for triploids and diploids. The thicker cell- 
walls of the triploids may render the dissolution of the »non-cellulose» 
matter more difficult, and hence the triploids may show a higher 
cellulose value on account of an incomplete dissolution of other sub- 
stances. The higher cellulose content registered in the analyses on the 
triploids may be a direct result of the thicker cell-walls and the con- 
sequent greater resistance offered to the action of chemicals. On the 
other hand, of course, there may be a higher specific cellulose content. 

3. Pentosan content. — The furfurol content corresponding to the 
pentosan content was estimated by TOLLEN’s method (SCHWALBE and 
SIEBER, 1931 and Tekn. medd. Sv. pappers- o. cell.-ing.-f6r. CCA 4), 
and the results are recorded in Table 18. Quite the greater portion 
of the pentosan is probably present in the form of xylane, and in that 
case the pentosan content would be given by the formula furfurol con- 
tent X 1,55. The triploids should thus possess a pentosan content of 
19,31 % and the diploids 20,12 %. That small difference is, however, 
without statistical significance. 

4. Lignin content. — The lignin content of the wood has been 
determined by breaking it down with 72 % sulphure acid according to the 
method described in Tekn. medd. Sv. pappers- o. cell.-ing.-f6r. CCA 5. 
The results of the analyses are given in Table 19. All differences are 
small and entirely insignificant. 





















































TABLE 17. Contents of cellulose, per cent of ary matter. 
“Mother x * tremutloides |  Sitra | Higgeby _ ae _Skeppmora a | “As +: Mean | 
Father ‘tetrapl. | Hamra | tetrapl. rapl. | Satra Satra | tetrapl. | Hamra | ‘tetrapl. | Satra | tetrapl. | As | tetrapl. | diploids | 
| | | | | | 
Block 1.;...;'| “Stas | Siar | 40,1 | 48,96 | 50,87 50,61 | 47,22 47,05 | 49,28 49,10 49,55 | 49,39 | 
Block II ... 54,10 | 50,85 53,35 | 49,25 52,04 | 49,31 | 53,37 52,11 49,44 | 48,57 52,46 | 50,02 | 
Block III... 52,19 | Sto | 50,50 | 49,40 | 50,95 | 52,22 51,52 50,91 50,36 49,22 | 51,10 | 50,57 | 
Mean......... | 52,53 | 5los =| 50,99 | 49,20 | 51,29 | 50,7 | 50,70 | 50,02 | 49,69 | 48,96 51,04 | 49,09 | 
TABLE 18. Furfurol, corresponding to the amount eof pentosan, per cent of dry matter 
Z —~ — 
% | Mother te tremuloides Satra | Haggeby ‘Skeppmors | As | Mean 
g | Father | tetrapl. Hamra tetrapl. | Sitra | tetrapl. | Ham ra ~ tetrapl. Sitra | tetrapl. | As | tetrapl. | diploids | 
© | | | | 
= | | | | | } 
a | Block I...... | 13,00 | 12,39 | 12,82 | 13,39 | 12,31 | 12,60 | 13,26 | 12,91 | 13,60 12,85 | 12,00 | 
Q| | Block jy... | 12,38 | 12,99 12,73 | 13,55 | 12,28 | 13,02 | 12,4] 13,4 | 1342] 12,83 | 13,04 | 
ba ; Block III... | 12,87 12,77 12,98 | 13,11 | 1263 | 12,84 | 13,23 1Dies- { dina) 42a | Bate 
| | | | | l 
SMG@a0. ccs | tems | 12398 12,84 | 13,35 | 124. | 12,82 13,14 12,96 13,28 | 12,80 12,98 | 
TABLE 19. Contents of lignin, per cent of dry matter. 
"Mother _ x ae P. tremuloides : Satra | ; Haggeby | _ Skeppmora : . ; As. Dee | a Mean : | 
Father | tetrapl. Hamra | tetrapl. | Satra | tetrapl. | Hamra | tetrapl. | Saitra tetrapl. | As | tetrapl. | diploids | 
| | | | | | | | 
| Block I...... | 19,67 | 20,86 | 20,82 | 19,99 | 20,21 | 19,95 20,15 =| 20,14 20,35 20,90 20,24 20,37 | 
| Block II... | 18,79 | 20,07 | 20,13 | 20,79 | 20,27 | 20,22 | 18,79 | 20,16 | 20,54 | 19,65 19,70 20,18 | 
o | Block III... | 19,90 | 20,1 | 195 | 21,01) 2048 | 19,09 | 1945 | 19,70 | 20,03 | 19,66 19,92 20,10 
| | l l l l 
a | Meéan.....:... | 19,4 | 20,35 | 2017 | 20,50} 20,32 20,05 | 19,43 | 20,00 | 20,37. | 20,07 19,95 | 20,21 | 
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XI. THE VALUE OF THE RESULTS FOR THE ESTIMATION 
OF THE FUTURE DEVELOPMENT. 


The results submitted above have reference to one-year plants. 
An extremely interesting question is whether those relations between 
diploids and triploids which have appeared in the yearlings will also 
be retained in the adult trees at 40—50 years of age. With the guidance 
of the experiences at hand from adult spontaneous triploid aspens 
certain reflections may be made. The stomata of the yearlings were 
26 % longer in the triploids. The stomata of adult triploids are longer 
by 10—25 % than those of diploids from the same localities. It is 
therefore probable that the numerical relation between the mean sizes 
of the stomata will remain moderately unaltered. The increase in the 
size of the wood-cells in all trees follows a curve that ascends fairly 
evenly up to maximum dimensions, which is attained at 30—40 years 
of age (TRENDELENBURG, 1939; T. NILSSON, 1943). It is natural to 
assume that the same will also take place here. The average length of 
the wood-cells in the yearlings was 0,56 mm. in the triploids and 0,48 mm. 
in the diploids. Preliminary investigations on adult trees have given 
the values 1,23 mm. for triploids and 1,18 mm. for diploids (JOHNSSON 
and NILSSON, unpubl.). That the triploids will always possess larger 
cells than the diploids is incontestable. The investigation has shown 
that the triploid yearlings have considerably larger leaves than the di- 
ploids. The spontaneous triploid trees have just their exceptionally 
large leaves to thank for their discovery (NILSSON-EHLE, 1936; JOHNS- 
SON, 1940). There are therefore good grounds for assuming that the 
difference in leaf-size will be permanent. 

As regards growth of the stem, no effect from the degree of poly- 
ploidy could be detected in the yearling plants. What the actual con- 
ditions are in the spontaneous triploids is often difficult to judge, as 
not uncommonly diploid trees of comparable value are absent in the 
vicinity of the triploids. Statements are met with to the effect that the 
triploids grow more rapidly (NILSSON-EHLE, 1936). Some possibility 
of making a more detailed estimate is afforded by PETRINI (1944). 
PETRINI has measured the growth of aspens in three different test- 
areas at Satra Bruk in Vastergétland, viz. areas Nos. 376, 377 and 378. 
Areas 377 and 378 are covered with the same triploid clones (NILSSON- 
EHLE, JOHNSSON, unpubl.), while No. 376 is covered with diploid 
aspens. PETRINI finds an 11% greater height and a 10 % greater 
diameter for the triploid trees. During the past 56—57 years the 
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production per unit area has been 36 % larger for the triploid, the 
actual growth of which keeps a lead of 18 %. Consequently, there 
seems to be reason to assume that the retardation in the rate of division 
which apparently takes place in the cambium of the triploid yearlings 
as compared with the diploid may gradually diminish or cease. 

The triploid yearlings showed a wood volume weight 9 % lower 
than that of the diploids, the absolute values being 0,43 and 0,74 respect- 
ively. A limited adult material that was examined gave a volume weight 
of 0,49 for triploids and 0,53 for diploids, a difference of 8 %. It there- 
fore seems probable that in the future the triploids will continue to possess 
a lighter wood than the diploids. In the case of the other properties 
investigated no definite evidence was obtained as to the influence of 
the degree of polyploidy. Whether these results indicate permanent 
relations can only be decided by future investigations in the course 
of years. 


XII. DISCUSSION. 


Observations of gigantism in autopolyploids have been published 
in numerous cases ever since GATES (1909) established tetraploidy in 
Oenothera Lamarckiana gigas. However, especially since colchicine 
treatment was introduced as a simple and effective method of producing 
polyploids, it has become clear that this gigantism is not an obligatory 
and total character in autopolyploids. Still, in the majority of auto- 
polyploids there is a partial gigantism. This manifests itself in the first 
place in an increased cell-size. In practically all cases examined there 
is a more or less pronounced increase in the size of the cells in autotri- 
and tetra-ploids. In the present aspen material the diameter of the 
pollen-grains is 9 % larger in triploids than in diploids, and the tetra- 
ploid examined possesses a further 12 % larger grain diameter than 
the triploids. The stomatal cells were 26 % longer in the triploids 
than in the diploids. The wood-cells in the xylem of the triploids 
surpassed those of the diploids in length and breadth by 17 % and 
20 % respectively, and in volume by 74 %. This increase in cell-size 
is to be regarded as the primary effect of the polyploidy, the cell-plasma 
ratio according to WEISMANN. Unless the polyploidy brings about some 
other changes, the result must be a general gigantism. That this is not 
always the case has been contended of late years by several invest- 
igators, e. g. PIRSCHLE (1942), LEVAN (1945), and is brought out further 
by the present material. In the triploid yearlings of Populus tremula 
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it is, besides the cell-size, only the leaves which display distinct gigantism. 
The triploids have a leaf-surface that is 56 % larger than that of the 
diploids. Their leaves are 14 % thicker and their leaf-volume 77 % 
larger, which is in close agreement with the increase in cell-volume 
of 74 % found in the wood-cells of the stem. The increase in leaf-size 
may thus be considered to be directly proportional to the increase in 
cell-size. Increased size of leaf is also the commonest secondary effect 
of polyploidy. Thus, in comparisons between 12 different autotetra- 
ploids and their original forms, PiRSCHLE (1942) found leaf gigantism 
in all cases. 

There was no increase in growth of the stem corresponding to the 
gigantism of the leaves. On the contrary, the triploids showed some- 
what inferior — although not significantly inferior — growth in length 
and diameter. In PIRSCHLE’s above-mentioned material the polyploidy 
was likewise unattended by any general increase in plant height. Only 
in two cases did the tetraploids show greater plant height. In two cases 
there was no difference in this respect, and in the remaning eight cases 
the height was lower in the polypioids. 

To explain why gigantism is sometimes present, sometimes not, 
it has for long been assumed that polyploidy often brings about a 
retarded rate of cell division which counteracts the increase in cell-size. 
This retardation may be different in different organs. HEILBORN (1933), 
for instance, pointed out that the deviations from the normal number 
of cells are smaller in organs with limited growth (e. g. leaves) than 
in organs with unlimited growth (stem§). This is considered to be 
explained by the fact that organs with limited growth are differentiated 
early during the period of vegetation. The maximum number of cell 
divisions under the prevailing conditions is also completed in the poly- 
ploids in spite of any lower rate of division that may occur, while in 
organs that grow during the whole period of vegetation the number of 
cell divisions is lower in the polyploids. However, the polyploids often 
seem to possess a longer period of vegetation (see ANDERSSON, 1943, and 
the literature cited by him). In such cases the difference in the number 
of cells ought to be evened out and organs with unlimited growth 
should also show gigantism. There was no difference in time of 
cessation of growth in the autumn between the diploid and triploid 
aspen families. The growth in length stopped at the same time and 
the leaves were shed at the same time. A measurement of the plant 
height undertaken on Aug. Ist gave results which were practically 
absolutely correlated to the height in the autumn. Although it cannot 

Hereditas XXXI. 99 
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be considered as demonstrated that polyploidy causes a general and 
specific reduction in the rate of cell-divisions, there should be good 
grounds for assuming that this is one of the commonest among the 
secondary effects of polyploidy. 

Naturally enough, differences in the speed of the cell-divisions may 
directly depend on changes in the regulatory mechanism of the plant. 
The speed of cell-divisions may, however, be dependent on the quantity 
of assimilates available at each point and zone of vegetation. It would 
therefore be of the greatest interest to know whether polyploidy brings, 
as a secondary effect, any alterations in the assimilatory capacity of 
the leaves. Direct determinations of the intensity of assimilation in 
diploids and polyploids are only available for a few plants. Diploid 
and tetraploid Hordeum vulgare has been studied by ANDERSSON 
(1943), EKDAHL (1943), and STALFELT (1943). ANDERSSON found a 
lower assimilation per 50 cm’ of leaf-surface in the tetraploid, EKDAHL 
and STALFELT a somewhat higher. In Trifolium repens STALFELT also 
found a slightly larger consumption of CO, per unit surface. Lower 
assimilation values per unit of surface were registered in Solanum nodi- 
florum (LARSEN, 1941), Sinapis alba (LARSEN, 1943), and in Phleum 
nodosum (STALFELT, 1943). In the present aspen material there was 
a somewhat lower assimilation per unit surface in the triploids. Per 
gram fresh weight the assimilation was lower in the polyploids in all 
the cases examined, and per unit dry weight lower except in Phleum 
nodosum and Populus tremula. 

The chief cause of the “consistently lower assimilation per unit 
weight of fresh substance is the invariably larger water content 
possessed by the leaves of the polyploids. This is the case with the 
aspens in question here and has been previously shown in other objects 
of investigation by, among others, MUNTZING (1940), SCHLOSSER (1937), 
LEVAN (1943), ANDERSSON (1943), STALFELT (1943), and EKDAHL (1943). 
A larger water content in the polyploids would thus seem to be an 
almost invariable secondary effect of polyploidy. In P. tremula the 
water content is larger in the polyploid even in the wood, although the 
difference there is less than in the leaves. That the assimilation in- 
tensity calculated on dry substance is mostly still more unfavourable 
for the polyploids than when computed per unit surface depends on 
the fact that as a rule the polyploids possess a larger quantity of dry 
substance per unit of surface on account of their thicker leaves. Data 
presented by LEVAN (1943) show that this was so in seven cases. 
Populus tremula, however, shows on both fresh and dry substance a 
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lower assimilation per unit surface in the triploid than in the diploid. 
The fresh weight per cm’ in the present material is 16,1 mg. for the 
triploids and 16,3 mg. for the diploids. For the dry matter the 
corresponding values are 4,31 mg. and 4,88 mg. per cm*. Populus tremula 
was also the only exception in LEVAN’s material. This explains why 
the assimilation intensity calculated on dry substance works out some- 
what higher for the triploid aspen. The as yet fragmentary data avail- 
able concerning the relative assimilations of diploids and polyploids 
do not allow of any generalizations. For the development of the plant 
the maximum assimilation intensity is of limited value. The effective 
daily assimilation period is undoubtedly more important, and on this 
point no investigations are available. 

LEVAN’s above-cited work furnishes strong evidence of there being 
a lower pigment content in the polyploids per unit surface, per unit 
fresh substance, and per unit dry matter, and the author puts forward 
the hypothesis that this is due to the larger amount of substance per 
unit surface consequent upon the thicker leaves, considering that this 
results in a smaller amount of pigment because the pigment concen- 
tration diminishes towards the centre of the leaves. Within Populus 
tremula, both in diploids and triploids, there is a distinct negative 
correlation between leaf-thickness and stem-volume. The correlation 
coefficient is — 0,5621 with t == 2,451* for the diploids and — 0,719 with 
t = 3,74** for the triploids, calculated on the 15 pairs of patch values 
within each category. The regression constant is — 1,21 with t= 1,865 
for the diploids and — 0,87 with t= 2,72+* for the triploids. As a 
regression constant common to both — 1,03 is obtained, to which corres- 
ponds t= 3,04+*. The regression between the chromosome-number 
groups is only — 0,2, however. The correlation between increasing 
leaf-thickness and decreasing stem-volume within the chromosome- 
number races would thus seem, in cases of increased leaf-thickness due 
to polyploidy, to be counteracted by some factor or other which tends 
to increased volume. This other factor may undoubtedly be sought in 
the larger cells of the polyploid. As pointed out above, however, the 
increased leaf-thickness brought about by polyploidy is not associated 
in P. tremula with an increase in the amount of substance per unit of 
leaf-surface but with a slight diminution instead. None the less, in- 
crease in leaf-thickness due to polyploidy or to recombination variation 
seems to be unbeneficial for the growth of the stem. As the increasing 
leaf-thickness conditioned by polyploidy must be regarded as a direct 
consequence of the increase in the size of the cells, it is likewise im- 
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probable that the increase in leaf-thickness is a hypertrophic pheno- 
menon consequent upon feeble growth and low consumption of as- 
similates in the stem, with an excess of assimilates in the leaves as 
a result. 

The osmotic pressure has been found to be lower in a large number 
of polyploids than in the primary forms (BECHER, 1932; SCHLOSSER, 
1936; GyOrRFFY, 1941 a). However, the results are not uniform 
(ANDERSSON, 1943). No differences have been detected in Populus 
tremula. As a distinct secondary effect of the polyploidy in Populus 
tremula there is the diminution in the volume-weight of the wood. 
This diminution, which amounts to 9 %, corresponds to a 4 % larger 
pore volume. This is probably due more to larger intercellular spaces 
in the triploid than to altered relations between cell-lumina and walls. 
In the diploids 77,83 % of the pore volume is filled with water, but in 
the triploids only 72,10 %. This is undoubtedly a result of a lower 
capillary action of the larger pores in the triploids. 

Comparative investigations of the chemical composition of diploids 
and polyploids have been performed by several research-workers, e. g. 
Greis (1940), Mintzinc (1940), GyOrrry (1941), ExpaHL (1943), 
JULEN (1944). At times considerable differences have been observed, 
in the other respects there have been no differences. No uniform 
tendencies can be elicited from the facts. In Populus tremula no differ- 
ences have been detected in the lignin and pentosan contents. On the 
other hand, the triploids gave a higher value for cellulosa. This differ- 
ence, however, is probably only apparent and depends on the greater 
resistance of the thicker cell-walls in the triploid to the action of 
chemicals. 

In yearlings of the triploid aspen, therefore, the following changes 
evoked by the polyploidy have been detected: A primary effect in the 
shape of increased cell-size and secondary effects in the form of 
gigantism of the leaves, higher water content of leaf and wood, lower 
volume weight of the wood (also of the leaves), as well as a higher 
cellulose content of the wood, although this effect is probably only 
apparent. Leaf gigantism and higher water content have been so 
universally found in autopolyploids that these properties can be 
denoted as the commonest secondary effects of the polyploidy. An 
interesting though — from a practical point of view — negative fact 
is that no gigantism appeared in the stems of the yearlings. It must, 
however, be regarded as a likely possibility that the stem will also ex- 
hibit gigantism when the trees become older, since it is a very common 
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observation that the polyploids develop more slowly than the diploids. 
A phase displacement in development may therefore also be expected 
on good grounds in Populus tremula, and should then manifest itself 
in the polyploids growing at an older age, after the diploids have 
already ceased growth, and finally developing into larger trees. As a 
result, the partial gigantism marking the yearlings would pass into a 
more total gigantism. A development of this kind, »entwicklungs- 
physiologischer Umschlagspunkt» (SCHLOSSER, 1940), may also take 
place through an accelerated rate of division in the cambium of the 
polyploids in older years. 


SUMMARY. 


(1) An investigation has been made on yearling plants of Populus 
tremula belonging to five diploid and five triploid cross-families with, 
in pairs, the same diploid mothers and diploid or tetraploid fathers. 

(2) The following properties have been studied: leaf-size, leaf- 
thickness, stomatal length, number of stomata per leaf-surface, length 
of wood-cells, diameter of wood-cells, growth in length, diameter and 
volume of stem, osmotic pressure, transpiration and assimilation in- 
tensity, dry-matter content of the leaves, volume weight and dry-matter 
content of the wood, the cellulose, pentosan and lignin contents of 
the wood. 

(3) A primary effect of the polyploidy is increased cell-size, which 
was found in pollen-grains, stomatal cells and the wood-cells in the 
xylem. 

(4) As secondary effects of the polyploidy leaf gigantism, increased 
water content, and reduced volume weight were observed. 

(5) The polyploidy has not caused any gigantism in the stems 
of the young plants, although it is considered probable that such may 
appear in the older trees. 

(6) No specific influences from the polyploidy have been detected 
on the physiological and chemical properties studied. 

(7) The results of the investigation are discussed, special stress 
being laid on the fact that a negative correlation exists between leaf- 
thickness and growth of stem-volume. 
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INHERITANCE OF PNEUMATISATION OF 
THE MASTOID BONE 


BY GUNNAR DAHLBERG and MARCUS DIAMANT 


STATE INSTITUTE OF HUMAN GENETICS AND RACE-BIOLOGY, UPPSALA 





INTRODUCTION. 


[' has long been known that the pneumatisation of the mastoid bone 
may display very varying degrees of development, as also that, in 
chronic otitis, the cellular system as a rule is only slightly developed. 
Some authors have also been of the opinion that acute otitis is more 
probable when the cellular system is large. The size of the cell systems 
has been estimated from anatomical preparations and roentgenograms, 
and approximately classified as small, medium, large, ete. Naturally, 
it has not in so doing been possible to set limits according to the same 
standards; the figures obtained by different authors from estimates of 
this kind have therefore shown great differences. It was not until 
DIAMANT’s investigation (1940) that exact and numerical data were 
obtained. 

DIAMANT’s method was to measure with a planimeter the surface 
shown by the cellular system on a sagittal roentgenogram. A special 
investigation revealed a very strong correlation between the extent of 
the cellular system in the sagittal and the frontal plane. A closer 
examination of the sources of error attaching to the method showed 
great precision to have been obtained. Thanks to DIAMANT’s in- 
vestigation it has been possible to obtain exact normal measurements of 
the size of the cellular system and of the variability round the average 
values for adult men and women. It has furthermore been possible to 
show that, in chronic otitis, the average size of the cellular system 
amounts to a quarter of the mean for adults. The cellular system of 
individuals with chronic otitis almost never reaches the mean for normal 
ears. Finally, it has been shown that, in acute otitis, the cellular system 
is, on an average, three-quarters as big as the average system in adults. 
In other words, the risk of acute otitis is somewhat, and the risk of 
chronic otitis materially, greater for persons with small cellular systems 
than for those with large. We may even say that persons with 
particularly large cellular systems may, although rarely, contract acute 
otitis, but that chronic otitis practically never develops from it. 
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Under such circumstances, it is obviously interesting to try to find 
out how far the size of the cellular system is conditioned by hereditary 
factors. There are only a few investigations touching on this problem. 
They have, throughout, been made on an approximate assessment of 
the size of the cellular system. The information obtained is therefore 
very vague. 


SURVEY OF THE LITERATURE. 

LEICHER (1928) has investigated 39 pairs of monozygotic twins, 
and considered himself able to show pneumatisation differences in 
36 %. At the assessment, only inhibited and non-inhibited cellular 
systems were distinguished. Figures of this kind indicate that hereditary 
factors are of importance. However, the data cannot but be very 
subjective. The procedure corresponds in a sense to an investigation 
into the inheritance of stature in which one only distinguishes between 
small persons with arrested stature, and others, then being content to 
judge the size by eye. 

In SCHWARZ’s investigation (1929) of 61 pairs of monozygotic twins 
and 35 pairs of dizygotic twins, roentgenograms showed the cell 
systems to agree in size in 66,1 % of the monozygoles, and 37,1 % of 
the dizygotes; he considers this to indicate that factors of heredity play 
a dominant part. When assessing agreement, however, regard has been 
paid not only to the size of the cell system but also to the thickness of 
the walls and the more or less regular arrangement, etc., of the system. 
Thus, subjective factors have to a certain extent influenced the decision 
as to ’similarity’ or ‘dissimilarity’. In other words, it is impossible to 
say definitely what figures other investigators would have obtained 
from a study of the same material. 

OKASAKI (1935) has investigated 18 pairs of monozygotic twins 
and 11 pairs of dizygotes for pneumatisation in the mastoid bone. He, 
too, has taken into account the size of the cell walls and the arrange- 
ment, etc., of the cells. He finds agreement in 75 % of the monozygotes 
and in 45 % of the dizygotes. The differences between his figures and 
those obtained by SCHWARZ may well exemplify the subjectivity behind 
the judgment as to similarity and dissimilarity. It is surprising that he 
reports the four ears in a pair of monozygotic twins to be so alike as to 
invite confusion; this does not agree with our experiences from our 
own material. 

SCHWARZ (1937) has furthermore investigated a family for the size 
and build of the cellular system, and considers himself able to deduce 
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from the roentgenograms of mother and children (father not invest- 
igated) a dominant inheritance for small systems. In point of fact, of 
course, the material allows of no conclusions. SCHWARZ has gone 
further and investigated families with probands, who had had acute 
or chronic scarlatina otitis as children. His intention was to discover 
whether a sustained otitis inhibits the development of the cell system, 
WITTMACK having advanced the hypothesis that small cell systems are 
due to an early otitis. In the 11 cases who had had otitis before the age 
of 5 years, 7 had little or no pneumatisation. In the families of 3 of 
these cases, however, SCHWARZ found that siblings also showed small 
cellular systems, and considered the material to be still indicating 
dominant inheritance. The material SCHWARZ published is unfortunately 
not large enough to allow of conclusions. 

DILLON and GOUREVITCH (1936) have investigated 11 pairs of mono- 
zygotic and 11 pairs of dizygotic twins. They submit only approximate 
data as to similarity and dissimilarity. The sole distinction they make 
is between a well-pneumatised and a sclerosed mastoid process. They 
draw the conclusion that differences in pneumatisation are mainly due 
to environment. The investigation shows that very divergent con- 
clusions may be reached when subjective factors are allowed to decide 
the issue (cf. SCHWARZ above). It is only possible to solve the problems 
with an exact method of investigation. 

On the whole, however, the investigations which have been made 
indicate that hereditary factors do have something to do with determin- 
ing the size of the cellular system in different individuals. But it is 
necessary that the problem be submitted to a more detailed analysis. 

There are no investigations showing that a liability to chronic otitis 
is more or less inherited. STEIN (1917) has tried to show that a tendency 
to ear complaints of different kinds is hereditary to a certain extent. 
The fundamental line he follows is that this depends on the »inheriting 
of inferior organs», an opinion which, incidentally, has been advanced 
earlier by other authors (ADLER). He submitted a number of cases of 
ear complaints in which the patients showed a large number of 
degenerative stigmata. He considered these so-called signs of degener- 
ation to bear out his view. The cases included both acute and chronic 
otitis. When he speaks of inferior organs, he does not refer merely to 
the actual auditory system, but to all organs. In other words, the 
inferiority of the auditory organs has its root in a general degenerative 
constitution. The selected cases published in his work have hardly any 
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value as proof, and his theoretical opinions, which follow on from older 
ideas of heredity, are no longer of interest. 

In a later work by BAUER and STEIN (1925) an investigation is 
made of the frequency in the family of cases of labyrinthine deafness 
and otosclerosis. They further investigate individuals with chronic 
inflammation of the middle ear; these persons are in this paper regarded 
as control material, however. Figures for relations (siblings, parents) 
of this latter group indicate that heredity plays some part, but the two 
authors have not analysed the group in any great detail. The investigation 
aims at establishing the details of the hereditary mechanism behind 
otosclerosis and labyrinthine deafness. The data as to chronic in- 
flammations of the ears are not sufficiently minute to allow of very 
definite conclusions. 

Investigations of monozygotic twins have greater value. WEITZ 
(1925) described 3 such pairs in which both twins suffered from in- 
flammation of the ear. Two similar observations have been published 
by PAULSEN (1925). These 5 cases are nevertheless not enough to 
warrant conclusions being drawn; they may be selected chance coin- 
cidences. Following on from the WITTMACK theory as to the nature 
of the mucosa in the cell system, ALBRECHT (1931) and ScHWARz (1935) 
have tried to show that chronic otitis is conditioned by special genes. 
The latter author even goes so far as to assert that the disease is 
dominant in certain families. Both these authors base their statements 
on observations from families in which inflammations of this kind 
showed a high frequency. Since diseases of this kind are not un- 
common, the few family-trees which have been published are not much 
use as proof. The possibility of chance coincidences cannot be ruled out. 

The view these authors advance is, in principle, not altogether un- 
like the viewpoints applied here. According to WITTMACK, hyperplastic 
and atrophied mucosa in the cell system both inhibit its development 
and prompt chronic inflammation of the ear. SCHWARZ and ALBRECHT 
assume that such mucosal anomalies are hereditary, while WITTMACK 
is of the opinion that inflammatory injuries at an early stage are the 
real cause. Now, we cannot investigate the mucosa of living persons 
still in health to show that those presenting certain anomalies later on 
contract chronic inflammation of the ear to a greater extent than those 
with normal mucosa. Observations can only be made when operating 
upon persons displaying symptoms of the disease, and it is then not 
possible to decide whether an abnormality in the mucosa is caused by 
the disease, or whether it was present earlier. The fact that normal 
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individuals with no inflammation of the ear may reveal a thin, so-called 
atrophic or hyperplastic mucosa does not permit of any conclusions as 
regards their risk of disease. It is impossible to obtain material for com- 
parison purposes, or to reach any figures at all warranting conclusions. 
The WITTMACK theory is simply a construction based on chance ob- 
servations and impressions. 

We are, on the other hand, on firm ground if we content ourselves 
with investigating the size of the cell system by roentgen, in the way 
done here. DIAMANT’s investigation shows definitely that the size of the 
cell system has a bearing on the risk of chronic otitis. It is possible that 
qualitative differences in the mucosa of the cell system also run parallel 
with differences in its size. It seems natural to assume that a growth 
in the mucosa is the primary cause of small cell systems, and that a 
mucosa with feeble growth may, in other respects also, show differences 
(most likely atrophic in type; hardly hyperplastic). Other factors, such 
as the development of the vascular system, might also be thought to 
play a part. This side of the question is of less importance from a 
practical point of view, however. What is important is the connection 
between chronic inflammation of the ear and a small cell system, since 
both these can be observed, whereas qualitative differences in the 
mucosa or the vascular system cannot. 


THE PROBLEM. 


Under these circumstances it is natural, when discussing the im- 
portance of hereditary factors for otitis, to connect up with the size of 
the cell system. It can then be assumed that acute inflammation of the 
ear is not conditioned by heredity. Granted that small cell systems 
render the ears somewhat more liable to acute inflammation than large 
ones, the extent to which they do so is nevertheless so small that it can 
hardly be thought to provide a hereditary background to any ap- 
preciable degree. The situation is different in regard to chronic otitis. 
Since this complaint only appears in persons with small cell systems, 
it is obvious that, if hereditary factors decide the size of the cell system, 
they must also decide the occurrence of chronic otitis. Needless to 
say, this does not rule out environmental influence. Not everyone with 
a small cell system contracts acute otitis, and if he does, it does not 
always become chronic. No doubt the situation is that certain genes 
which determine the size of the cell system, occasion thereby a dis- 
position to otitis. Environmental factors which decide whether an in- 
fection is to arise subsequently determine the issue. In these circum- 
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stances chronic otitis will, to use DAHLBERG’s terminology, be a con- 
stellational character, due to a meeting of hereditary factors, only 
present in some of the population, with environmental factors, also 
only present in some of the population. In marginal perforation in 
particular, the possibility of a cholesteatoma must be taken into account. 
Cases with cholesteatoma may, of course, show a different state of 
affairs; environmental factors may then have played a relatively small 
part. The problems here are linked up with the question of the etiology 
of the cholesteatoma. An assessment of the parts played by heredity 
and environment respectively calls for special investigations in each 
separate type of cases. Our intention in the work presented here is to 
discover how far hereditary factors affect the size of the cell system. 
The account given above is only intended to explain our approach. 

The material used in the present investigations consists partly of 
pairs of monozygotic and dizygotic twins, partly of families comprising 
one child and the two parents. The individuals have been investigated 
according to the methods worked out by DIAMANT (1940) — that is to 
say, photographed with roentgen, after which the size of the cell system 
is determined on the roentgenogram with a planimeter. 


CORRELATION BETWEEN PARENTS AND CHILDREN AS 
REGARDS THE SIZE OF THE CELL SYSTEM. 
When collecting the family material, 301 children were used to 
start the investigation. The age distribution is seen from Table 1. 


TABLE 1. The family materiai. Age (years completed) of the children 
at the examination. 


Number of 





Age children 
Re ckis Sater ere eG itiece ee be 20 
Be eo aks a ete is ia Seah cosed tb ek 120 
LAR a ees Soe eer ap erent 104 
DD orcas cries Oey eee ras acest are 43 
_| eRe gs, 255 gS es sierra arse ape 11 
PEAR ents Gee Sl ca Mele sou ee Si | 
ETT ye a gaat Oat A nee Seem pee 2 
Total 301 


The boys were all over 13 years of age, and the girls all over 12. 
It can safely be assumed that the cell system has reached its final size 
at these age limits. The median for the age was 14,3 years for boys, 
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and 14,0 years for girls. Both the father and the mother of these initial 
subjects were investigated. 

The size of the cell system in both children and parents is shown 
in Table 2. 


TABLE 2. The family material. Size of the cell system (in cm’) in 
parents and children. {M + &(M) = mean + standard error of the mean. 
6 = standard deviation.]} 


Number M + €(M) 6 
Mean of right and left 
ere ee 137 14,03 + 0,49 5,78 
CL ee eee ra 164 14,03 + 0,36 4,66 
i 301 11,70 + 0,31 5,36 
a 301 11,99 + 0,30 5,14 


The figures agree with DIAMANT’s normal figures of 12,27 cm’, with 
a standard deviation of 5,1 cm’ in the age group 10—30 years. It is 
possible that the cell system gets somewhat smaller with advancing age, 
and that this explains the tendency to differ which is found between 
children and parents in our material. It may also be that the difference 
we found is due to the difference in general size between generations, 
now obtaining in Sweden as a result of increasing stature. 

The crucial question is whether a connection can be established 
between the size of the cell systems in children and parents. To begin 
with, Table 3 gives figures showing the size of the cell system in either 
parent for different sizes of the same system in the child. Using median 
and quartiles, boys and girls alike have been divided up into 4 equal 





groups. 

The smaller the cell systems of the child, the smaller those of the 
parents, and vice versa. The difference between the groups of parents 
is smaller than that between the corresponding groups of children. 
There is a regression towards the mean when passing from child to 
parent — not, in itself, a remarkable circumstance. Similar phenomena 
have been observed for other qualitative characters, e. g. stature. 

To clarify the situation more satisfactorily, we now give, in 
Table 4, figures of the correlation between parents and children. 

We find throughout a statistically significant correlation coefficient, 
amounting to about + 0,4. The correlation between girls and their 
fathers happens to be small. In view of the size of the standard error, 
however, the low figure may be attributed to chance. ‘There is thus a 
plain correlation between parents and children, and the most likely 
explanation of this seems to be that hereditary factors are at work. 
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TABLE 3. The average size of the cell system in mothers and fathers 

respectively of children with cell systems of different sizes. The children 

are divided into 4 groups: (1) Cell system < first quartile. (2) Cell system 

between first quartile and median. (8) Cell system between median and 

third quartile. (4) Cell system > third quartile. [M + €(M) = mean + 
+ standard error of the mean.} 


Groups with Cell system of the mother Cell system of the father 


regard to the 











a Number = M + ¢(M) Number M + e(M) 
Boys: 
1 quartile < 10 34 9,24 + 0,83 34 9,33 + 0,86 
2 » 10 —13,4 35 10,91 = 0,88 35 10,83 + 0,73 
2 » 13,4—17,9 | 34 12,99 + 0,82 34 11,46 + 0,82 
4 » >is 84 15,48 + 0,92 34 14,63 + 1,01 
Girls: 
1 quartile <2in..a 10,38 + 0,83 41 10,82 + 0,93 
2 > 11,1—13,9 41 11,03 + 0,61 41 12,02 + 0,72 
3 » 139—171 41 11,72 + 0,74 41 12,03 + 0,85 
4 » Sin 14,31 + 0,70 41 12,42 + 0,88 
Boys and Girls: 
Ee. cS 8 oun 75 9,87 + 0,58 75 10,14 = 0,64 
2 Pw BA Se 76 10,97 + 0,52 76 11,47 + 0,51 
3 DS | sapien oe has ae 75 12,29 + 0,54 75 11,77 + 0,59 
4 Pe kee wo Le 75 14,84 + 0,56 75 13,42 + 0,67 
TABLE 4. Correlation between the size of the cell system in children 
and parents. {r+ é(r) coefficient of correlation + standard error.| 
Number r+ é(r) 
Boys —father ....:....... 137 + 0,39 + 0,073 
Girls: —‘fathier™ ois .5.. 350 164 + 0,13 + 0,077 
Boys — mother ........... 137 + 0,42 + 0,071 
Girls — mother ........... 164 + 0,37 + 0,067 
Boys + girls —father ..... 301 + 0,26 + 0,054 
Boys + girls — mother .... 301 + 0,40 + 0,049 
Father—mother ......... 301 + 0,074 £ 0,057 


The correlation between the parents has also been calculated, for 
purposes of checking. There is none — nor, indeed, was any to be 
expected. 

We must now consider the possibility of both parents having cell 


systems of different sizes. The degree of such differences must have 


an effect on the correlation coefficients obtained. Logically, we should 
expect the correlation to be far greater if both parents had the same 
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sized cell system than if large differences were present. The material 
is not large enough to enable us to make a detailed analysis; we confine 
ourselves to dividing the parents into two groups, according to the 
differences between them. These groups contain those with differences 
respectively larger and smaller than the median. As expected, we now 
find a higher correlation for the group with relatively similar parents, 
amounting to + 0,51 + 0,061; on the other hand, no significant correlation 
is obtained when the parents are unlike one another. In this latter case 
the children will agree now with the one parent, now with the other, 
and now show values in between, and it is natural that no significant 
correlation is obtained between the means of the parents and the values 
of the children. 

There is special interest in the fact that, as DIAMANT has shown, 
there is a not inconsiderable individual variation, inasmuch as right and 
left cell systems may not have the same size. The standard deviation 
for the differences has been calculated to give an idea of the variation 
here (cf. Table 5). 


TABLE 5. Difference between the cell systems on the right and left 

sides in cm’ in children and parents. [6 + &(6) = standard deviation + 

+ standard error, calculated on the assumption that the right cell system 

is larger than the left as often as not, which implies that the mean of 
the differences is 0.] 


Number 6+ 6&(60) 
Children 65 3/2028 301 + 3,32 + 0,14 
MEROD 5:60) 301 + 3,51 + 0.14 
MGERGE s o<-3cccs, 301 + 3,37 + 0,14 


Here we have assumed that the mean is 0, i. e. that the cell system 
of the right ear is as often larger than that of the left as it is smaller. 
The standard deviation for the differences shows no significant differ- 
ences between children and parents; it amounts to something over 3 cm’. 
DIAMANT found the figure 2,03 cm’; we have thus obtained somewhat 
higher values. 

To discover, finally, how far asymmetries are due to heredity, we 
have divided the parents up into those where the differences between 
right and left ear are greater than the median and those where they 
are less; we have then investigated the average values for father, mother 
and child (cf. Table 6). We found that, when both parents have small 
differences and therefore slight asymmetry, the children show some- 
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TABLE 6. The average difference between the right and left cell systems 

in children and parents grouped according to the size of the differences 

between the right and left cell systems in the parents. Differences < the 

median have been characterized as small and differences > the median 

as large. [D +&(D) = mean of the differences (the signs disregarded) + 
+ standard error of the mean.| 


Diff. between Father Mother Children 

right and left Number 

in the parents D + e(D) D + é{D) D + €(D) 
Both parents: 

et 82 0,901 + 0,065 0,851 + 0,057 2,23 + 0,22 
Mother: large diff. 
Father: small » .... 70 0,839 + 0,062 4,32 + 0,28 2,45 + 0,28 
Mother: small diff. 
Father: large » .... 68 3,86 + 0,22 0,847 + 0,061 2,33 + 0,29 
Both parents: 

| _. ore 81 4,33 + 0,28 4,33 + 0,23 3,05 + 0,26 


what less asymmetry than when both the parents have larger differ- 
ences. The differences we have obtained are not great, however. 

Parents who, on an average, show a difference between right and 
left ear of not quite 1 cm’ have children where the average difference 
is 2,23 + 0,22 cm*. When the difference in the parents exceeds 4 cm’, 
the difference in the children is 2,65 + 0,2 cm*. Between these two come 
the children in the groups (a), where the mother’s difference is greater 
than the median and the father’s less, and (b), where the reverse is the 
case. In other words, the asymmetry should to a certain extent depend 
on hereditary factors, but the latter’s influence is not such as to give 
a strong correlation between parent and child. 

The figures we have obtained, then, definitely support the state- 
ment that factors of heredity are of material importance in determining 
the final size of the cell system. These figures do not, however, allow 
a closer analysis of the hereditary course, nor is it possible to assess 
more definitely how far environmental factors play a part. 


THE SIZE OF THE CELL SYSTEM IN TWINS. 


As has already been mentioned, both monozygotic and dizygotic 
pairs of twins have been investigated to get an idea of the part played 
by environmental and hereditary factors respectively. The age dis- 
tribution of the material is shown in Table 7. Though the material is 
not large, it should be sufficient to give an approximate idea of the 
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situation. As, here, we are concerned with establishing differences 
between twins, there seemed no very great reasons against including 
somewhat younger individuals also, in order to enlarge the material. 
Thus, 5 pairs of twins under the age of 10 have been included. Even 
if their cell systems cannot with certainty be considered to be fully 
developed, the differences can probably be regarded as stable. 


TABLE 7. Age (years completed) of the twin pairs at the examination. 





Monozy- Dizygo- All 
Age gotic tic the 
twins twins twins 

Bcc hk ug a lo arghatleeeints 1 3 3 
<a ere ape e sy 2 ==: 2 

| | aA eRe ha ae 1 4 5 
i Rey ane eer? OE — — _ 
Be i chsid Sravelare abd coves — 5 5 
jh Se ee ee reg ee ee 7 16 23 
BO ie ol Mae Maa ee 7 9 16 
| ACR eerste athe Rare 6 5 11 
RD SEY, aes ee lees — 2 2 
URRHOOD = 5335 5855, 33s --- 1 1 
Total 24 44 68 


From a theoretical point of view, the investigation of twins is 
specially interesting because the differences between monozygotic twins 
indicate dissimilarities which are due to environment, whereas those 
between dizygotes are due to factors both of environment and heredity. 
Working from these differences and these assumptions, it is possible 
to calculate how great a part these respective factors play. The pro- 
cedure now used in so doing has been laid down by G. DAHLBERG 
(1926); in a later work G. and B. DAHLBERG (1940) have gone further 
into the requirements of an analysis of this kind. 

In this connection, it might be borne in mind that genotypical 
asymmetries may cause differences between monozygotic twins which 
are not due to heredity, and that twin material must in this respect be 
used with a certain reservation. Further, we have to reckon with twins 
living in a relatively similar environment, so that the variability due to 
environment may be expected to be somewhat smaller than in a 
population, particularly if environmental factors during the years of 
growth are of importance. Finally, dizygotic twins have the same 
parents and, therefore, a smaller range of variation in respect of 
hereditary factors than is to be expected in a population. 
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With regard to these aspects, it may first and foremost be stated 
that the investigation into the part played by hereditary factors in 
causing asymmetries in the size of the cell system has, in the first place, 
borne out the view that differences between right and left ear are only 
to a small extent due to heredity. Under such circumstances there can 
hardly be any great risk that genotypical asymmetries would upset the 
results of a comparison between twin groups. The environmental factors 
affecting the development and size of the cell system can hardly be 
other than intra-uterine, for it seems scarcely possible a priori that 
conditions during growth, such as diet, temperature, etc., should affect 
the cell system. The possible importance of changes in air pressure in 
association with a better or worse passage through the eustachian tube 
has been discussed, but this theory seems hardly plausible. With our 
present knowledge, however, it is impossible to reach definitive 
pronouncements on this point. 

Table 8 shows, firstly, figures for the average difference in both 
monozygotic and dizygotic twins, secondly, figures for the standard 
deviation for these differences calculated from 0 (i. e. on the assumption 
that the cell system of the first-born twin is as often larger as smaller 
than that of the second). The standard deviation is calculated 
from these differences and gives the variation which would be obtained 
if separate individuals varied in the same way as monozygotic and 
dizygotic twins respectively round a mean. We may now begin to see 
that there is a significant difference between monozygotic and dizygotic 
twins. Dizygotic twins have, on an average, differences about twice as 
large as those of monozygotes, and these differences also have a 
significant difference for the standard deviation from 0. 


TABLE 8. Differences between the cell systems of the twins. For 
every individual the mean of the cell systems on the right and left sides 
has been calculated. At the calculations the authors have started from 
the assumption that the first-born twin had a larger cell system than 
the second-born as often as not, which implies that the mean of the 
differences is 0. |D + &D) mean of the differences (the signs dis- 
regarded) + standard error of the mean. 6 + &(6) = standard deviation 
of a single individual, calculated from the differences (cf. the text). 


Number D + €(D) 6+ €(0) 
IE os pice sa xv ace ne Ke ASS 24 2,34 + 0,51 3,40 + 0,49 
RN So chs 6Bb dn Set sees ee ae 44 5,35 + 0.51 6,32 £ 0,67 


Difference between monozygotic and 
NG on ss bea e ey Ge gas wR — — 3,01 + 0,72 — 2,92 + 0,83 
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We finally see that the variation to be found in a population varying 
in the same way as dizygotic twins would be + 6,32 + 0,67. For normal 
material, DIAMANT found a standard deviation of about + 5 cm’, which 
in view of the standard error here implies fairly good agreement. This 
result indicates that the variation obtained from dizygotic twins is of 
about the same size as that in a population; in other words, no very 
great part is played by the relatively great similarity in environment 
during growth between dizygotic twins compared with individuals in a 
population. This in its turn indicates that the environmental factors 
which are of importance concern the foetal life. Here relatively great 
environmental differences obtain for dizygotic twins inasmuch as they 
cause comparatively great differences in stature and weight both in 
monozygotic and dizygotic twins (cf. DAHLBERG, 1926). We derive 
further support from the fact that the family material investigated here 
tends to present a smaller variation than the dizygotic twins. This 
being so, it is hardly justifiable to attribute any very great importance 
to the above-mentioned reservation with regard to the similar environ- 
mental conditions of the twins. On the other hand, there should always 
be a decreased variability in dizygotic twins as compared with a 
population, on account of their common derivation. In these circum- 
stances, dizygotic twins will bring us to rather too low figures for the 
part played by hereditary factors, and possibly rather too high for that 
of environment. When dividing the variability between heredity and 
environment, the following equation is used: 


62 =6 21g? 
x Oo 


where 6, is the variability obtained from dizygotic twins and referring 
to both heredity and environment, 6, the standard deviation we would 
obtain in a population if the environment were constant and the same 
as the average one for twins, and if the population varied only on 
account of hereditary factors. Finally, 6, is the variation calculated 
from monozygotic twins, which would obtain in a population if all 
individuals had the same genes and the environment varied in the same 
way as for twins. By inserting the values from Table 8 into this ex- 
pression, we get 5,3 for the hereditary factors, and 3,4 for the environ- 
mental factors. Together, then, hereditary and environmental factors 
give a standard deviation of 6,3. In other words, if we add the value 
for heredity and environment direct, we get larger values than the 
standard deviation actually presents. This is quite simply because 
hereditary and environmental factors do not systematically add up with 
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one another; sometimes they cancel one another out, by acting in 
opposite directions. The result will thus be that. solely hereditary 
factors give a variability corresponding to 84,1 % of the total variability, 
and solely environmental factors give a variation which is 54 % of the 
total one. If we compare hereditary and environmental factors, we find 
the former are 1,56 times more influential. 

In view of this result it was natural that we should find a clear 
correlation between children and parents, and the results obtained by 
analysis of the two materials at our disposal complement one another. 

As regards the problems behind this work, then, we can state that, 
since hereditary factors play a dominating part in determining the size 
of the cell system, and since the size of the cell system plays, in its 
turn, a dominating part in the occurrence of chronic otitis, we might 
expect the latter complaint to be conditioned by heredity to no mean 
extent. 


THE RELATIVE RISK OF CHRONIC OTITIS. 


It has been found that different types of chronic otitis primarily 
attack individuals with small cell systems. There are, however, no 
direct figures showing the otitis risk for individuals with cell systems 
of different sizes. In any case, risk figures would have only a relative 
value, since the general risk of infections of importance for otitis is 
different in different populations. A population where scarlatina and 
other infections are comparatively common should, of course, run 
greater risks of contracting different types of otitis, as also chronic 
otitis following an infection, than a population where such infections are 
notso common. The relation between the risk for groups of individuals 
with cell systems of different sizes should, however, be expected to be 
fairly constant. For this reason, figures for the relative risk of otitis 
are of more general interest. 

Relative figures of this kind can be calculated by using the figures 
DIAMANT obtained in the work quoted earlier. Table 9 outlines the 
frequency of cell systems of different sizes in a normal material; it 
also shows the frequency of cell systems of different sizes in an otitis 
material. By placing these two numerical series in relation to one 
another we get risk figures which, though admittedly incorrect, ought 
in their turn to bear a correct relation to one another. By calculating 
the percentual distribution of the risks, that is to say, we arrive at some 
idea of the relative danger of small cell systems. Table 9 gives figures 
obtained in this way. 
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It can be seen from the table that individuals with small cell 
systems run a comparatively big risk of otitis. In the two age classes 
in the table, the grouping has been done according to means and 6. 
The two age groups show differences here, so that the class limits do not 
tally. The risk distribution obtained also presents differences, therefore. 
However, individuals with small cell systems are in the majority. If 
the limit is set at 1,5 cm’, the group covers 72,3 % of the otitis risk. If, 
on the other hand, the limit for the older group is set at 0,3 cm’, the 


TABLE 9. Percentage distribution of the risk of chronic otitis (cf. the 
text). The primary figures have been taken from DIAMANT (1940), 
Table 20, p. 80. 














10—30 years | 30 years and above 
" Number of cases | Percen- || Size of | Number of cases | Percen- | 
Size of the/——— we | tage risk || the cell Lee WN es 
cell — Normal | Otitis | distri- | system | Normal | Otitis | distri- 
(cm?) material | material |) pytion 1 (em?) | material | material) pution 
0 — 1,5 8 64 72,3 | 0 — 0,3 1 63 |. 6233 
1,6-— 4,1 18 35 17,6 || O4— 2,8 5 73 14,4 
4o— 68 | 24 21 7,9 | 20— 5,3 4 32 7,9 
6o—95| 63 12 17 || 54— 70) 14 11 73 
| 9,6—14,9 133 | 7 0,5 | 7,9—12,8 21 12 5,6 
| 15,0—@ 110 -- 0 \12,9—15,3 es 2 2,2 
| I15,:—0 10 | = 0 


group takes 62 per cent of the total risk. The series of figures agree 
in so far as individuals with cell systems of more than 15 cm* run no 
risk of otitis. 

If we now wish to compare two groups, the figures can be used 
in the following way. Individuals between the ages of 10—30 years, 
with a cell system between 4,2 and 6,3 cm* — i.e. an average size of 
5,5 cm” — run 7,9 % of the otitis risk in a population. Individuals with 
a cell system less than 1,4 cm’ incur 72,3 % of the otitis risk. That is 
to say, the latter group is 9,2 times as liable to contract otitis as the one 
with a cell system of 5,5 cm*. In other words, it can be calculated 
from the figures how much greater the risk is when a cell system 
decreases in size. There is no risk for the group with a large cell 
system of over 15 cm’, and there is therefore no point in calculating 
figures (the result will be co). 

A verification of the figures in the table can only be obtained by 
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investigating individuals in a population, following them up for a certain 
period, and seeing to what extent they contract chronic otitis. This 
would yield risk figures which could then be expected to bear that 
relation to one another which is given by the percentages in Table 9. 
Practical reasons make it very unlikely that such figures could be 
obtained, and under these circumstances our figures should be of a 
certain interest. 
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chromosomes observed in the variety »Ostgéta Grarag» (MUNTZING 
and PRAKKEN, 1941) the effects of a varying number of such extra 
»fragment chromosomes» were studied (MUNTZING, 1943). Fertility 
was found to be more influenced than the vegetative development, but 
also with regard to vigour a definite influence was demonstrated. Thus, 
the fragment chromosomes are not inert as was supposed by some 
previous workers. However, considering the size of the fragments 
and the strong effects of extra chromosomes in trisomic plants, it is 
prebable that the fragments are subinert, having a lower proportion 
of active genes than ordinary chromosomes. 

As a rule extra fragment chromosomes of the usual type (the 
»Standard fragments») are stable, but in rare cases their centromere 
may misdivide (MUNTZING, 1944). The two products of misdivision, 
corresponding to the short and long arms of the standard fragments, 
were recovered in the shape of iso-fragments with median centromeres 
(l.c.).. Thus, in addition to plants with standard fragments (»s. f.») 
plants with large and small iso-fragments (»iso-f.») are now available 
in the material of »Ostgéta Grarag». 

The present report primarily deals with the transmission of the 
extra fragment chromosomes in various cross combinations. These 
studies were undertaken firstly in order to compare the behaviour of 
the iso-fragments and the standard fragments, secondly to elucidate 
the peculiar fragment frequencies in the offspring observed by LEwIt- 
SKY, MELNIKOV and Tirova (1932) and by the present writer (1943, 
pp. 93—94). In crosses between parents with 2n = 14 and 2n = 14 + 2 
fragments most of the hybrids have either 2n —14 or 14+ 2 frag- 
ments and not 14 + 1 fragment as might be expected. The probable 
cytological cause of this peculiar result was observed by HASEGAWA 
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|* the offspring of a single rye plant with two additional small 
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(1934). According to this author, the extra fragment chromosome 
shows a rather irregular behaviour at anaphase of the first pollen 
mitosis. Its two halves often do not separate, and in most cases they 
are included in the generative nucleus. A similar process must be 
assumed to occur on the female side as well. 

The latter part of the present paper deals with the structure, 
pairing properties and transmission of extra fragment chromosomes 
found in another rye variety, »Vasa II». 


I. TRANSMISSION OF THE STANDARD FRAGMENTS IN 
»OSTGOTA GRARAG». 


1. CROSSES BETWEEN PLANTS WITH 2n= 14 AND PLANTS WITH 
2n = 14+ 1 STANDARD FRAGMENT. 


From the cross 149 X (14+ 1 s.f.) G only 3 plants were ob- 
tained. Two of them had 2n= 14 and one plant 2n—14-+ 2 s. f. 
In the reciprocal cross (14 + 1 s. f.) Q * 140 a total of 69 F, plants 
were obtained from 9 mother plants. Of these F,; plants 65 had 2n = 14, 
the remaining 4 plants, occurring in 4 different families, had 2n = 
14-++2s. f. Nota single plant had 2n—14-+1s.f. Thus, all the 
F, individuals carrying standard fragments had them in double num- 
ber. This demonstrates that non-disjunction of the fragment must 
have occurred on the male as well as the female side of the parent with 
Ina 14-1 a. f. 

The proportion of F, plants with fragments is surprisingly low, 
at least in the cross (14 +1 s.f.) * 14, the percentage value in this 
case being 5,8. This low value may be caused by a rather pronounced 
elimination of the single fragment at various stages of meiosis. Though 
a detailed study of the meiotic elimination has not yet been made, it 
does not seem probable that this elimination is quite sufficient to 
account for the low proportion of daughter plants with standard frag- 
ments. It is possible that the fragments are also to some extent elim- 
inated during the postmeiotic divisions in the embryo-sac. During 
this stage, just as in the pollen mitosis, there must be a tendency to 
non-disjunction. If the process of non-disjunction is not regular, the 
result will probably be a certain degree of elimination. Unfortunately 
the number of plants obtained from the cross 14 X (14+ 1 s. f.) was 
too low to allow any safe conclusions as to the rate of elimination in 
the pollen. Crosses of this kind will be repeated. 
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2. INTERCROSSES BETWEEN PLANTS WITH 2n=14+1 s. f. 


In 1944 seven plants with 2n=—14-+ 1 s.f. were put together as 
a small separation in a greenhouse. From the plants thus intercrossed 
five progenies were raised, comprising a total of 52 plants. Forty- 
five of the plants had 2n = 14, 2 plants 2n = 14 + 1 s. f. and 5 plants 
2n=—14-+2 s. f. Thus, the percentage of plants with fragments 
amounted to 13,5. In the crosses 14 X (14+ 1 s.f.) and reciprocally, 
discussed above, 5 plants of 72, i.e. 6,9 per cent, were found to con- 
tain fragments. Supposing the proportion of gametes with fragments 
to be 6,9 per cent on the male as well as the female side, intercrosses 
between plants with 14 + 1 s.f. should give progenies containing 86,7 
per cent of plants with no fragments and 13,3 per cent with fragments. 
As the ratio actually found was 86,5 : 13,5, expectation and observation 
show a very good conformity. 


3. CROSSES BETWEEN PLANTS WITH 2n=14 AND PLANTS WITH 
2n= 1442s. f. 
Six different progenies were raised from crosses of the type 
(14-+2s.f.)Q X14. All these progenies showed about the same 
distribution, and hence only the following total result will be given: 


Number of standard fragments: 0 1 2 3 4 


Number of plants: ........ 622 56 4 — 2 


Thus, most of the 115 plants had either 0 or 2 fragments, the 
former class being the largest. The number to be expected from the 
cross, 2n= 14+ 1s.f., is only represented by 5 plants and finally 
there were 2 individuals with 4 fragments. 

The values obtained show again that there is a process of non- 
disjunction on the female side. The ovules carrying an even number 
of fragments (2 or 4) were about ten times as frequent as those carrying 
one fragment. 

In the previous cross, (14 + 1s. f.) X 14, the fragments were only 
transmitted to 5,s per cent of the offspring, and it was suggested that 
part of this elimination might occur during the postmeiotic divisions. 
The ratios obtained in the present cross demonstrate that meiotic 
elimination also plays an important rdle and accounts for part of the 
difference between the crosses (14 + 1f.) X 14 and (14 -+2f.) * 14. 
This is evident from the following calculation. If there were no meiotic 
elimination in a plant with one fragment, 50 per cent of the macro- 
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spores would receive 1 fragment and 50 per cent no fragment. Owing 
to postmeiotic elimination the former category would be divided into 
44,2 per cent giving egg cells without fragments and 5,3 per cent with 
fragments. This would account for the proportion of plants with frag- 
ments actually observed, If there were no meiotic elimination in a plant 
with two fragments, all macrospores would receive one fragment. 
Assuming the same degree of postmeiotic elimination as in plants with 
one fragment, the proportion of egg cells with fragments would evidently 
be twice as high or 11,6 per cent. The proportion actually observed 
was much higher, the percentage value being 46,1. The cause of the 
difference is certainly that in plants with two fragments these frag- 
ments are often paired to form a small bivalent. The regular dis- 
junction in this bivalent will considerably increase the proportion of 
macrospores and offspring with fragments. 

Though sufficient to explain the difference in the rate of elimination 
between plants with one and two fragments, the degree of pairing be- 
tween the two fragments in plants with 2n = 14+ 2s.f. shows a 
certain variation. In the plant with 14 + 2s. f. first detected the frag- 
ments were found to be unpaired in about two thirds of the p.m. c. 
(MUNTZING and PRAKKEN, 1941, p. 279). In 8 other plants with 
2n— 14+ 2s.f. the percentage of p.m.c. with unpaired fragments 
was found to range from 53 to 86 with a total average of 61,3. 

The rather frequent lack of pairing between the two fragments 
accounts for the production of plants with 14 + 4s. f. in the crosses 
(14 + 2s.f.) X 14. In some cases both fragments may evidently be 
included in the same macrospore and both may undergo non-disjunction 
and pass to the egg cell. 

In the reciprocal combination, 14 9 X (14 + 2s. f.) Go’, data are 
available from five progenies, showing about the same distributions. 
The following total values were obtained: 


Number of fragments: 0 1 2 3 4 


Number of plants: ........ 2 9° 8 — 2 


The percentage of plants with fragments is 52,2 and, thus, slightly 
but not significantly higher than in the reciprocal cross (46,1 %). 
Another difference is more remarkable, viz. the rather high proportion 
of plants with one extra fragment. In the present cross combination 
the number of plants with one and two extra fragments is 9 and 13 
respectively. In the reciprocal cross the corresponding numbers were 
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5 and 46. A ,° test of the distributions 9 : 13 and 5 : 46 showed them 
to be significantly different, 7’ being 9,591 and P intermediate between 
0,01 and 0,01. Thus, the mechanism of non-disjunction seems to have 
been more effective on the female side than in. the pollen. 

Of the 9 plants with one extra fragment 6 had a typical standard 
fragment, whereas in 3 plants (of the same progeny) it was a small 
iso-fragment of the kind previously described (MUNTZING, 1944). 

In the experiments of LEwiTsKy, MELNIKOV and TiTova (1932) 
the elimination of the extra fragments is evidently less pronounced than 
in the present case. In the cross (14 + 2s. f.) X 14 these authors ob- 
tained 10 plants with 2 extra fragments, and 4 plants without frag- 
ments. In the reciprocal combination the result was 2 plants with no 
fragments, 2 plants with one fragment, 29 plants with two fragments 
and 1 plant with three fragments. This indicates a higher degree of 
pairing between the fragments and a more regular distribution than in 
my material of »Ostgéta Grarag». Otherwise the results are rather 
similar. 


4. CROSSES OF THE TYPE (14-+-2 s. f.) X (14-42 s. £.) AND ISOLATION 
OF PLANTS WITH 14-2 s. f. 

Crosses between plants with 2n = 14-+ 2s.f. were undertaken 
repeatedly in order to preserve the material containing extra fragment 
chromosomes. Crosses of the same kind also occurred by open 
pollination in isolation groups, exclusively composed of plants with 
2 standard fragments. Chromosome counts were undertaken in 10 
different progenies, the following total result being obtained: 


Number of extra frag- 01 2 3 a. & ” M 
ment chromosomes: 
Nesmiver OF PRAMS: «ki etc cess 26 8 60 8 23 2 127 2,00 


The average number of standard fragments in this series is 2,00 
and, thus, crosses between plants with 2n = 14 + 2s. f. give progenies 
with about the same number of fragments as in the parent types. The 
average number of standard fragments in the ten progenies, composing 
the total series given above, were the following: 1,67; 2,31; 2,62; 0,61; 1,92; 
2.30; 2,14; 2,25; 1,70 and 2,40. Six of these values are above 2,0, four 
values are lower. 

Fifteen plants of the same cross combination were studied by 
LEwiItTsky and his co-workers (l.c.). Four of these plants had 2 extra 
fragment chromosomes, one plant 3 fragments and ten plants 4 frag- 
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ments. This distribution differs from my series by a complete absence 
of plants without fragments and by a very clear average increase in 
fragment number. The cause of this difference is probably again a better 
pairing and less elimination in the Russian material. This conclusion 
is supported by data from the other rye variety »Vasa II» given below. 

In the material of »Ostgéta Grarag» now under consideration the 
maintenance of an average of 2,00 standard fragments is evidently due 
to an equilibrium between two opposing forces, viz. elimination of 
unpaired fragments and the ability of such fragments to increase 
in number by non-disjunction. The latter ability is again reflected by 
the great preponderance of: plants with an even number of fragments. 
In the classes with 2 and 4 fragments there is a total of 83 plants, in 
the classes with 1, 3 and 5 fragments only 18 plants. 

The frequencies of standard fragments in the crosses (14+ 2s.f.) X 
Xx (14-+ 2s. f.) may be compared with the values obtained in the 
crosses 14 X (14 + 2s.f.) and reciprocally. According to these values 
(p. 459), plants with 2n 14+ 2s. f. produce pollen grains which in 
47,8 per cent of the cases are free from fragments, the other 52,2 per 
cent carrying a variable number of fragments. On the female side the 
corresponding values are 53,9 per cent without fragments and 46,1 per 
cent with fragments. If these values are combined, the expectation for 
intercrosses of plants with 14 + 2s. f. will be 74,2 per cent of the plants 
with fragments. The proportion actually obtained was 79,5 % (101 
plants of 127). Thus, there is a quite good conformity between ob- 
servation and expectation. 

As might be expected, the offspring of isolated plants with 
14 + 2s.f. gave a chromosomal variation of just the same type as the 
intercrosses of such plants. After isolation of plants with 14 + 2s. f. 
five progenies were raised, the following total result being obtained: 


Number of extra frag- 0 1 ‘ oe " M 
ment chromosomes: £ i z 
Number of plants: .. ................ | ae ee ee ee 46 2.04 


According to these figures, 76,1 per cent of the plants had frag- 
ments. This corresponds very well with the expected value (74,2) and 
the value obtained in the intercrosses (79,5). The average number of 
fragments is also about the same as in the intercross material. 

Finally it may be mentioned that in three cases progenies were 
raised from open-pollinated plants with 14+ 2s.f. A total of 74 
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daughter plants were examined and found to have the following number 
of standard fragments: 


Number of fragments: ee Ye ae n M 
Number of plants: ...... 27 6 29 6 6 74 = 1,43 


In this case the average number of fragments (1,43) and the 
percentage of plants with fragments (63,5) are lower than in the previous 
progenies of plants with 14+ 2s.f. This is not unexpected, as the 
mother individuals had been surrounded not only by plants with a 
variable number of fragments but also by plants with 2n = 14. 

Before leaving the progenies of plants with two standard frag- 
ments it may be mentioned that in three cases new fragment types have 
arisen. These novelties were described previously (MUNTZING, 1944). 
Thus, of the eight plants with one fragment obtained from the inter- 
crosses (14+ 2s. f.) X (14 + 2s.f.) one plant had a small iso-frag- 
ment and another one a large iso-fragment. Further, one of the plants 
with three fragments derived from the same crosses contained one 
small iso-fragment plus two standard fragments. 


5. PROGENIES OF PLANTS WITH 14+ 4 s. f. AND 14+ 6 s. f. 


Some offspring were raised from intercrosses, isolation and open 
pollination of mother plants with 14 + 4s.f. These progenies showed 
the following chromosomal variation: 


Number of fragments: 1 2 3 4 a n M 
(14+4s8.£)X (14+48.8£):2 1 4—- 4— 4 15 3,27 
14+ 4s.f., isolation: ...... 1 > Sea eine ee 13 3,92 


14-+4:s.f., open pollination: 8 4 14 1 12 1 2 42 2,38 


According to these values, the plants with 14 + 4s. f. are not quite 
able to maintain an average number of 4 fragments in the offspring 
from intercrosses or isolation. In the progenies after open pollination 
there is, of course, a still more pronounced tendency towards a lower 
number of fragments. As in the progenies of plants with 14 + 2s. f., 
there is an obvious preponderance of plants with an even number of 
fragments. This was also observed by LEWITSKY, MELNIKOV and 
TITOVA who obtained 8 plants from a cross between two individuals 
having 4 fragments. Four of the daughter plants had 4 fragments, two 
6 fragments, one 2 fragments and one 0 fragment. Thus, the same 
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mechanism of non-disjunction met with in the plants with one or two 
standard fragments is also at work in the plants with 14 + 4s. f. 

As the plants with 6 extra fragment chromosomes so far obtained 
were rather poor and sterile, seeds could only be obtained after open 
pollination. From such kernels, harvested on 4 different mother plants, 
at total of 37 daughter plants were obtained. The number of fragments 
in these plants was found to vary as follows: 


Number of fragments: 0 1 2 3 4 5 6 n M 
Number of plants: .... 7 — 12 3 10 3 2 37 = 2,70 


There is evidently a very marked average decrease in fragment 
number, and several plants without fragments were also produced. 
This demonstrates that in the ovules all six fragments may sometimes 
be eliminated during meiosis or the postmeiotic divisions. 


II. TRANSMISSION OF THE ISO-FRAGMENTS IN 
»OSTGOTA GRARAG». 


In 1944 seven plants having 2n = 14 + 1 small iso-fragment were 
left for intercrossing in a greenhouse separation. At the same time 
artificial crosses were made in both directions between these plants 
and plants without fragments. Exactly the same procedure was under- 
taken with 5 plants containing one large iso-fragment. The seeds ob- 
tained from these crosses and intercrosses were germinated last autumn. 
The root tips of the seedlings were examined with the following results. 


1. CROSSES.BETWEEN PLANTS WITH 2n= 14 AND 2n= 14+ 1 
SMALL ISO-FRAGMENT. 


These cross combinations as well as all other crosses described in 
the present paper succeeded without the slightest difficulty. Five differ- 
ent mother plants, involved in the crosses 14 * (14 + 1 small iso-f.), 
gave a total of 67 daughter plants; 62 of these plants were free from 
fragments whereas the remaining 5 plants had one small iso-fragment. 

In the reciprocal crosses, (14 + 1 small iso-f.) X 14, a similar 
result was obtained. Six different mother plants gave 68 daughter 
plants. Sixty-five of these had no fragments, the remaining 3 plants 
having one small iso-fragment. 

The results obtained demonstrate a rather high degree of elimin- 
ation, the percentage of plants with fragments being as low as 7,5 
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per cent in the crosses first mentioned and 4,4 per cent in the reci- 
procal combination. Combining both crosses combinations the total 
percentage is 5,9. This value, however, is rather close to the values 
obtained in the crosses 14 < (14 + 1 standard fragment) and reciproc- 
ally (cf. p. 458). Thus, in this respect the small iso-fragment behaves 
like the standard fragment. However, in contrast to the standard frag- 
ment the small iso-fragment is not capable of performing the peculiar 
trick of postmeiotic non-disjunction. Therefore, in the plants with 
fragments there was only one fragment, not two as in the corresponding 
crosses with the standard fragments. 


2. INTERCROSSES BETWEEN PLANTS WITH 2n=-14-+-1 SMALL 
ISO-FRAGMENT. 

Five progenies were raised from the separated group composed of 
plants with one small iso-fragment in addition to the 14 normal chro- 
mosomes. The different progenies behaved in the same way and com- 
prised a total of 57 plants without fragments and 7 plants with one 
small iso-fragment. Thus, also in these progenies the small iso-frag- 
ment showed itself incapable of multiplication by means of non- 
disjunction. 

In the crosses 14 X (14+ 1 small iso-f.) and reciprocally the 
percentage of plants with fragments was found to be 7,5 and 4,4. On 
the basis of these values the percentage to be expected from inter- 
crosses between plants with 14-+ 1 small iso-f. will be 11,6. More 
accurately, 11,21 per cent should have 1 fragment and 0,33 per cent 
2 fragments. The observed percentage was 10,9, all these plants having 
1 fragment. In a larger material plants with 2 fragments probably 
would have appeared. At any rate there is a very good conformity 
between observation and expectation. 


3. CROSSES BETWEEN PLANTS WITH 2n= 14 AND 2n= 14+ 1 
LARGE ISO-FRAGMENT. 

A total of 135 plants were raised from artificial crosses between 
plants with 2n = 14 and plants with one additional large iso-fragment. 
In 4 progenies, representing the cross 14 X (14 + 1 large iso-f.), 72 
plants were obtained. 64 of these plants had no fragments, the 
remaining 8 plants (11,1 per cent) all had 2n = 14 + 2 large iso-frag- 
ments. In the reciprocal combination 4 progenies were also available. 
They were found to comprise 61 plants without fragments and 2 plants 
(3,2 per cent) having 2n = 14 + 2 large iso-fragments. 

Hereditas XXXI. 33 
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In the first place the results obtained demonstrate that the large 
iso-fragment, just as the standard fragment, is capable of a regular 
postmeiotic non-disjunction. Not a single plant in the offspring had 
one large iso-fragment, this chromosome always being duplicated. How- 
ever, plants with 14 + 1 large iso-f. do arise in other cases. Three of 
the plants of this kind available in 1944 had appeared in the offspring 
of open-pollinated plants with 2n = 14 + 1 small iso-f. The large iso- 
fragment was certainly derived from the pollen of plants with large 
iso-fragments growing close by. A few plants with 14 + 1 large iso-f. 
also appeared in the offspring of the crossing group described below. 


4, INTERCROSSES BETWEEN PLANTS WITH LARGE ISO-FRAGMENTS. 


In order to preserve a rye material containing large iso-fragments 
all the 5 plants with such fragments available in 1944 were left for 
intercrossing in a greenhouse separation. Three of these plants had 
2n = 14 + 1 large iso-f., one plant had 2n = 14 + 2 large iso-f. + 1 
standard-f., and the fifth plant 2n = 14 + 2 large iso-f. + 2 standard-f. 
The presence of the latter two plants was disturbing from a theoretical 
point of view, as the effect of crosses between plants with only one 
large iso-f. could not be studied. However, a brief report of the plants 
obtained is still of interest. 


A. THE OFFSPRING OF THE PLANTS WITH 2n — 14+ 1 LARGE ISO-F. 


The three mother plants of this kind behaved in a similar way and 
gave a total of 41 daughter plants showing the following chromosomal 


variation: 


eS? as 
14-+-1 large 14+1 14+ 2 large large 


Chromosomal con- ee 
stitution: an == 14 iso-f. $f. iso-f. iso-f. + large 
iso-f. 
I he 
Number of plants: 23 4 1 11 1 1 


41,5 per cent of these plants have large iso-fragments. This is a 
higher proportion than would be expected if only pollen of the plants 
with 14 + 1 large iso-f. had been available. The higher proportion is 
certainly due to the presence in this crossing group of plants containing 
2 large iso-fragments. A high proportion of the pollen grains of these 
plants will certainly carry large iso-fragments and thus increase the 
frequency of plants with such fragments in the offspring of the mother 
plants with 2n = 14 4-1 large iso-f. It should be observed that in 
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13 plants of 17 the large iso-fragment was present in an even number 
(2 fragments in 12 plants, 4 fragments in 1 plant). This confirms the 
previous evidence that as a rule the large iso-fragment, just as the 
standard fragment, undergoes a postmeiotic non-disjunction. Only 4 
daughter plants had 2n—=14 + 1 large iso-f. like the mother individuals. 


B. THE OFFSPRING OF THE PLANTS WITH TWO LARGE ISO-FRAGMENTS. 


As mentioned above, the two mother plants in question had both 
2 large iso-fragments and in addition 1 and 2 standard fragments 
respectively. In the offspring the following variation was observed: 


Mother plant: 14 + 2 large iso-f. | Mother plant: 14 + 2 large iso-f. 


ad e e A | Fa f. 
Offspring: | Offspring: 
2n= 14: 2 plants | 2n= 14: 2 plants 
> = 14+ 2s.f.: | » ==14-+2 large iso-f.:4 » 
» == 14+ 2 large iso-f.:6 » | > ede 26 £2 ex 
»>=4+3 >» » :1 plant | >» =14+3> : 1 plant 
> == 4a eS Fete se | » =14+4>: os 
» =14+2s.f.+1 large iso-f.: | » =14+2s.f.-+2 large iso-f.: 
1 plant | 1 plant 


| » = 14 +4s.f.+4s.f.+1 large 
| iso-f.: 1 plant 


In both progenies there is a rather high proportion of plants 
with large iso-fragments. This is certainly due to the presence of 
pairs of such fragments in the mother plants. Standard fragments 
are also frequent, especially in the progeny of the mother plant 
having a pair of standard fragments. In most cases standard frag- 
ments as Well as large iso-fragments are evidently present in even 


numbers. 


III. STUDIES ON EXTRA FRAGMENT CHROMOSOMES 
IN THE VARIETY »VASA II». 


During colchicine work with plants of the rye variety »Vasa II» 
a single individual with two extra chromosomes was detected. In 
aceto-carmine smears a rather regular pairing of these extra chromo- 
somes was observed and they also seemed to be larger than the 
standard fragments in »Ostgéta Grarag» (cf. MUNTZING, 1943, p. 108). 
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As, further, the variety »Vasa II» had not previously been included 
in my material and the seed sown was commercial seed, it seemed 
highly probable that the extra chromosomes observed were quite dif- 
ferent in origin from those previously studied in »Ostgéta Grarag>. 


1. TRANSMISSION OF THE EXTRA CHROMOSOMES. 


From the original plant of »Vasa II» having 2n = 14 + 2f. off- 
spring were raised after open pollination. A total of 32 plants were 
obtained and found to represent the following chromosomal variation: 


Number of fragment chromosomes: 0 1 2 ae 


| a 5 1 25 — 1 


Most of the surrounding plants of »Vasa Il» had 2n=— 14 or 
2n = 28, due to colchicine doubling. Thus, the progeny after open 
pollination must really represent a cross of the type (14 + 2f.) X 14. 
The result of this cross shows that the fragment in »Vasa II» has the 
same capability of non-disjunction as the fragment in » Ostgota Gra- 
rag». It differs from this fragment, however, by a much higher rate 
of transmission to the offspring. In the case of »Ostgéta Grarag» the 
first progeny, exactly comparable to the one now under consideration, 
was composed of 10 plants without fragments and 10 plants with frag- 
ments. In the comparable crosses (14 + 2s. f.) X 14 reported above 
(p. 459) less than half of the daugther plants had fragments. In the pre- 
sent case, on the contrary, as many as 84 per cent of the plants in the 
first progeny had fragments. 

The same behaviour was repeated in the next generation. Four 
progenies of plants with 2n—14-+2f. were raised after open 
pollination and one progeny after isolation. The latter one was com- 
posed of 1 plant with one fragment, 6 plants with two fragments and 
2 plants with four fragments. Not a single plant was free from frag- 
ments, and the average fragment number was higher than in the 
mother plant. The four progenies after open pollination gave the follow- 
ing total result: 


n M 


nN 
aw 
— 


Number of fragments: 0 1 


Number of plants: .... 4 — 24 — 24 52 2,77 


The almost complete absence of plants with 2n = 14 is striking, 
and an average increase in fragment number is quite obvious. The 
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preponderance of plants with an even number of fragments is also very 
clear. This series may be compared with the series representing pro- 
genies of open-pollinated, isolated and intercrossed (14 + 2s. f.)-plants 
in »Ostgéta Grarag» (pp. 461—463). The difference is very striking 
and demonstrates that in »Vasa II» the fragments are transmitted to the 
offspring in a much higher degree than in »Ostgéta Grarag». 


2. THE DEGREE OF FRAGMENT PAIRING AT MEIOSIS. 


The very first meiotic observations indicated a higher degree of 
pairing of the fragments in »Vasa II» than in »Ostgéta Grarag», and 
this was verified by further studies. 

In »Ostgéta Grarag» the original plant with 2n = 14 + 2f. was 
found to have the fragments unpaired in 72 per cent of 488 cells 
examined. Eight plants with 14 + 2s. f. examined in later generations 
were found to have the following percentages of cells with unpaired 
fragments: 76, 61, 48, 45, 53, 86, 60, 65. Each value is based on counts 
of about 100 cells. The total average is 61,3 which is somewhat lower 
than the value of the original plant (72). 

Counts of the same kind were undertaken in the » Vasa II» material. 
In this case the original plant was found to have 12 per cent of cells 
with unpaired fragments. In seven daughter plants the corresponding 
values were found to be 7, 30, 24, 2, 2, 8 and 5, the average of these 
values being 11,1 per cent. Thus, though there is some variation be- 
tween plants, it is quite obvious that in the »Vasa II» material there is 
a significantly higher degree of pairing between the extra fragment 
chromosomes than in »Ostgéta Grarag». This explains the fact that 
the frequency of plants with fragments and the average number of 
fragments in the offspring of 14-+2f. plants are much higher in 
»Vasa II» than in the other variety. 


3. SIZE AND MORPHOLOGY OF THE FRAGMENTS IN »VASA II» AND 
»OSTGOTA GRARAG». 

The first meiotic observations indicated that the fragments were 
larger in »Vasa II» than in »Ostgéta Grarag», and this probable size 
difference might perhaps explain the different degree of pairing. A size 
difference was, indeed, established by the measurements given below 
but was found to be much smaller than expected. The general appear- 
ance of the »Vasa II» fragments is the same as that of the standard 
fragments in »Ostgéta Grarag» (MUNTZING, 1944, Figs. 6—7). Thus, 
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in mitosis they may easily be distinguished from the other chromo- 
somes by a smaller size and by the subterminal position of the 
centromere. 

Measurements were performed in mitosis as well as meiosis. In 
the root tips the length of the fragment chromosomes was found to be 


as follows: 


Fragment length: 13—14—15-—16—17—18—19—20—21-22 units n M 
»Ostgéta Grarag» (12 plants): 1 4 4 14 19 15 4 61 17,25 
»Vasa II» (the original plant): 2 BS BA 22 19,32 

» » (10 daughter plants): 2 4S 61 275 47 19,20 
» », total : 2 4: 32RWwWSe C6 69 19,24 


Each unit in the table corresponds to 0,23 uv. The average fragment 
length in »Vasa II» (19,21) is evidently greater than in »Ostgéta Grarag>» 
(17,25), the former value being 11,5 per cent higher than the latter one. The 
significance of the difference was tested with an analysis of variance. 
This gave a v’ of 71,43 and a P smaller than 0,001. 




















TABLE 1. Average fragment diameter at I—M. 
meee sd as 5 55 60 65 7,0 7,5 80 units |’ n | M 
| 
»Vasa II», plant 1. ......... ies faeae ae | 20 6,95 
» Wns tctiieaaey feed a WO 4 20 7,10 | 
» Boreas ak COR. aes emi 20 6,78 
» » 4 2 eS 2 wa 20 6,75 
» We Hess, ond: . 2s 2 20 | 6,85 | 
» S-25d, occeeek ee eae 20 6,60 
»Vasa II», total ............... 1 3 35 oo 41. 12 | 120 6,84 
»Ostgéta Grarag», plant 1 26 8 4 | 20 | 6,60 
» » s. 2 1 Gees Alas eae 20 6,43 
» » ee 2 Bp 2 | 20. 1 6,8 
» » “eat 1 a. S293 | 20 | 6,55 
» » » © So See a 20 6,25 
| » » » 6 i a ee Wee |, 5,93 
|'»Ostgota Grarag», total 1° 8 1940 37 15 120 | 6,37 


At meiosis the size of unpaired fragments in plants with 
2n = 14+ 2s.f. was measured at first metaphase, the average of 
length and breadth being determined. Measurements were undertaken 
in 6 plants of each variety. As is evident from Table 1, the average 
fragment diameter in the plants of »Vasa II» ranged from 6,60 to 7,10 
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with a total average of 6,81. In the plants of »Ostgéta Graradg» the 
corresponding values ranged from 5,93 to 6,60 with a total average of 6,37. 
The significance of the difference between the total average values, 
6,84 and 6,37, was tested with an analysis of variance. The v’ value in 
this case was found to be 42,70, giving a P smaller than 0,001. Thus, 
from measurements of the fragments at mitosis as well as meiosis it is 
evident that the standard fragment in »Ostgéta Grarag» is slightly but 
significantly smaller than the corresponding fragment in » Vasa II». 


IV. DISCUSSION. 


The striking difference in pairing capacity between the fragment 
chromosomes in »Ostgéta Grarag» and »Vasa II» may be due either to 
a different structure of the fragments in the two varieties or to geno- 
typical control. Measurements at mitosis and meiosis revealed, indeed, 
that the fragments in »Vasa II» were significantly larger than in the 
other variety. This size difference, however, is rather slight and seems 
to be quite insufficient to explain the very different degree of pairing 
in a chromosome-mechanical way. As is well-known the chiasma 
frequency is otherwise in many cases roughly proportional to chromo- 
some length (cf. STONE and MATHER, 1932). Under such circumstances 
it seems most probable that the different degree of pairing and also the 
small size difference is genotypically controlled, the genetic background 
in »Vasa II» differing in some way from that in the other variety. This 
problem may be further elucidated by cytological studies in hybrids 
between the two varieties. 

The assumption that the different degree of pairing is genotypically 
controlled is further strengthened by the fact that the general mor- 
phology of the extra chromosomes in »Vasa II» is quite the same as in 
»Ostgéta Grarag». In both varieties the fragment chromosomes are 
smaller than the other chromosomes and have a subterminal centro- 
mere. The long arm of the fragments is about 5 times as long as the 
short, headlike arm. It is still more interesting that the same mor- 
phology has been described by LEwiTsky (1931) and HasEGAWA (1934) 
for the extra fragment chromosomes occurring in Russian and Japanese 
rye populations. In a previous paper (1943) I expressed the view that 
the extra chromosomes sometimes met with in rye are of various kinds, 
that they are frequently produced anew from plants with 14 chromo- 
somes, and that strains with extra chromosomes are short-lived. This 
view was based on the frequent occurrence of fragmentation in ordinary 
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population plants of rye, on the size differences between the fragments 
in a 16-chromosome plant examined by DARLINGTON (1933), and on the 
different degrees of fragment pairing observed by HASEGAWA, DARLING- 
TON and myself. However, considering all data now available, it seems 
more plausible that there is an old and widely distributed standard type 
of extra chromosomes in rye, and that the deviating fragment types 
noticed are only occasional and more or less ephemeral deviations from 
this standard type. 

A very striking property of the standard fragment is the ability 
of numerical increase by means of non-disjunction. This process was 
first observed by HASEGAWA (1934) in the first pollen mitosis. At this 
division the two chromatids of the fragment chromosome usually pass 
to the generative nucleus and, thus, male gametes with 7 + 2s. f. are 
produced. Sometimes this non-disjunction is unsuccessful, both chrom- 
atids are eliminated, and the result is pollen grains with 7 ordinary 
chromosomes and no fragments. Only in rare cases was the fragment 
chromosome found to divide regularly. In Sorghum purpureo-sericeum 
a similar non-disjunction of extra »B-chromosomes» was observed by 
DARLINGTON and THOMAS (1941). In this case the process occurs at a 
second division of the vegetative nucleus in the pollen grain, but the 
final effect is the same, a multiplication of the extra chromosomes. 

The experimental data reported above definitely demonstrate the 
occurrence of non-disjunction on the male as well as the female side 
of my rye plants, the rate of non-disjunction being about the same on 
both sides or possibly still more marked in the ovules. Just as in the 
p.m.c., non-disjunction during meiosis in the ovules cannot account 
for the rarity of egg cells with 7+ 1s.f. In plants with 14+ 2s.f. 
macrospores with 7 + 2s. f. may of course sometimes be formed. At 
I—M in the p. m.c. and probably also in the e. m.c. the fragments are 
often unpaired (especially in »Ostgéta Grarag») and both may be 
included in the same interphase nucleus. However, the great majority 
of the macrospores will receive 7+ 1s.f. or 7+ 0s.f. owing to 
elimination. Hence, in most cases, at least, the egg cells with 7 + 2s. f. 
must be produced by a postmeiotic non-disjunction. 

If no meiotic elimination occurred each macrospore would receive 
1 standard fragment. Postmeiotic non-disjunction in such a case would 
give 50 per cent of egg cells with 2 fragments, if the process of non- 
disjunction is at random, and a higher percentage of egg cells with 2 
fragments in case of a directed non-disjunction favouring the egg cell. 
In the crosses (14 + 2s. f.) X 14 46,1 per cent of the egg cells were 
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found to carry fragments, most of them having 2 fragments. This 
would seem to be in accordance with the 50 per cent expected from 
random postmeiotic non-disjunction. However, from the comparison 
between the results of the crosses (14-+1s.f.) X14 and (14+ 
+2s.f.) X 14 it could be concluded that a good deal of meiotic 
elimination occurs in plants with 1 standard fragment. Now, in plants 
with 2 standard fragments these fragments are only paired in about 
40 per cent of the cells. Thus, in more than half of the cells the frag- 
ments are unpaired, and this will cause a rather high degree of 
elimination. Consequently a great many macrospores will not receive 
any fragments. As, nevertheless, almost 50 per cent of the egg cells 
carried fragments and generally in double number, this must imply that 
the process of non-disjunction is directed, i.e. the two fragments more 
frequently pass to the egg cell than to other cells in the female gameto- 
phyte. It remains to be settled at which of the divisions in the embryo- 
sac this non-disjunction occurs. 

Further evidence of a directed non-disjunction on the female side 
was obtained from the very high frequency of plants with 14 + 2s. f. 
in the offspring of open-pollinated plants with 14 + 2s. f. in »Vasa II». 
The single original plant with 14 + 2s. f. was surrounded by ordinary 
plants without fragments and, thus, the offspring of this plant may be 
considered to represent a cross of the type (14+ 2s.f.) X14. As 
reported above (p. 468), not less than 84 per cent of these plants had 
fragments. Random non-disjunction would give a maximum of 50 per 
cent of plants with fragments or rather a slightly lower value owing to 
some degree of meiotic elimination. The difference between the ob- 
served ratio 27 : 5 and the expected one 16 : 16 is significant (7*= 15,12). 

As mentioned above, preliminary observations of HASEGAWA (1934) 
indicated that non-disjunction in the pollen mitosis is also directed. In 
13 cells of 16 the two fragment chromosomes were included in the 
generative nucleus. The experimental results now reported point in 
the same direction. In spite of the rather pronounced meiotic elimin- 
ation in plants with 14 + 2s. f. the cross combination 14 * (14+2:s. f.) 
gave an offspring in which as many as 52,2 per cent of the plants had 
fragments. Several of these plants, however, had only one fragment, 
and as pointed out above (p. 461) the mechanism of non-disjunction 
in this material seems to be more effective on the female side than in 
the pollen. 

The occurrence of a directed non-disjunction on the male as well 
as the female side strongly tends to increase the number of fragments 
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in the offspring. This tendency is counteracted by the meiotic 
elimination of the fragments. This elimination was found to be very 
marked in plants with a single extra fragment. According to the data 
gathered for plants with 14-+1s.f., only about 6,9 per cent of the 
gametes transmit fragments to the offspring. 

In plants of »Ostgéta Grarag» with 14 + 2s. f. the occurrence of 
fragment elimination was also obvious, though the rate of this 
elimination was much lower than in plants with a single unpaired 
fragment. Intercrosses between plants with 14 + 2s.f. or isolation 
of such plants gave progenies in which the average number of frag- 
ments was preserved but not increased. It is difficult to see, however, 
how the fragments can be maintained in populations of »Ostgéta Gra- 
rag», as the plants with 14 + 2s.f. are slightly but significantly less 
fertile than plants without fragments (MUNTZING, 1943). Plants with 
4 extra fragments are still less fertile, and, further, the average number 
of fragments in the offspring of intercrosses between plants with 
14 + 4s. f. was found to be lower than 4. Thus, in »Ostgéta Grarag» 
the negative effects of fragment elimination at meiosis and - fertility 
decrease in plants with fragments seem to be stronger than the positive 
effect of non-disjunction. 

In »Vasa II» the situation is evidently quite different owing to the 
good pairing of the fragments at meiosis. As far as this material has 
yet been studied it showed a marked tendency to an increase in frag- 
ment number, and a similar situation seems to prevail in the material 
studied by LEwitTsky and his collaborators (1932). According to 
preliminary observations, the genetical effects of the fragments in 
»Vasa II» are similar to those of the fragments in »Ostgéta Grarag», 
i.e. a very slight influence on vigour and a somewhat stronger effect 
on fertility. 

An interesting point in the present paper is the behaviour of the 
two types of iso-fragments derived from the standard fragment in 
»Ostgéta Grarag». The main result in this respect is the fact that the 
small iso-fragment has lost the ability of postmeiotic non-disjunction. 
The large iso-fragment, on the contrary, has retained this ability in full 
strength and was found to be just as capable of multiplication by means 
of non-disjunction as the standard fragment. On account of these 
results studies on the behaviour of the different fragment types in the 
pollen mitosis must be carried out. 

The degree of fragment elimination during meiosis in plants with 
2n = 14 + 1 iso-fragment was found to be about the same as in plants 
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with 2n = 14 + 1 standard fragment. Probably, however, the rate of 
elimination of the small iso-fragment in such plants is somewhat higher 
than that of the large iso-fragments, the average percentages of gametes 
with fragments being 7,4 in plants with 2n = 14 + 1 large iso-f. and 
5,9 in plants with 2n = 14 + 1 small iso-f. 

The smallness of the small iso-fragment will probably prevent its 
regular pairing in plants with 2 or more fragments of this kind. For 
that reason alone the fragment in question would not be able to main- 
tain itself in the populations. A still greater handicap in this respect 
is its inability to multiply by means of non-disjunction. 

The large iso-fragment would certainly be more successful in the 
population. It is quite capable of non-disjunction and, according to 
preliminary observation, also capable of pairing in plants having two 
such fragments. This is also evident from the offspring of the two 
plants carrying two large iso-fragments and one or two standard frag- 
ments. Though these plants had also been exposed to the pollen of 
plants with 14 + 1 large iso-f. (the proportion of male gametes with 
large iso-f. in this pollen being rather low) 50 per cent of the offspring 
were found to contain large iso-fragments (cf. p. 467). Hence, by inter- 
crosses between plants with 14 + 2 large iso-f. it should be easy to get 
a strain with a rather regular occurrence of large iso-fragments. 

The whole problem of the origin and function of the extra frag- 
ment chromosomes (or accessory chromosomes as Dr. HAKANSSON and 
I agreed to call them; cf. HAKANSSON, 1945) is still rather obscure. In 
rye they only seem to have deleterious effects and, as suggested to me 
by my collegue Dr. OsTERGREN, they may possibly have a kind of 
»parasitic» existence. In such a case they are of no use to the plant 
but are preserved in the populations owing to their peculiar ability of 
non-disjunction and their relatively harmless effects. According to this 
view, the fragment chromosomes have succeeded in maintaining them- 
selves despite the fact that selection in the populations will favour 
plants without fragments. 

DARLINGTON and others assume that the accessory chromosomes, 
occurring in Zea, Sorghum and other genera, have important functions 
in the nucleic acid metabolism of the cell (cf. DARLINGTON and Upcort, 
1941; DARLINGTON and THOMAS, 1941). This interesting possibility as 
well as the general properties of accessory chromosomes is discussed 
in detail in a recent paper by HAKANSSON (1945). This review gives 
a good survey of the present state of things in this field of research. 
It also shows that much work remains to be done before the origin 
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and function of the peculiar accessory chromosomes can be accurately 
understood. 


SUMMARY. 


(1) A number of cross combinations in the rye variety »Ostgéta 
Grarag>», involving plants with extra fragment chromosomes (»standard 
fragments»), gave the main result that the standard fragments are cap- 
able of an almost regular postmeiotic non-disjunction, leading to a 
doubling of the fragment number. This process is equally well devel- 
oped in the ovules as in the pollen. The experimental results also 
strongly indicate that the process of non-disjunction is directed in such 
a way that the fragments generally pass to the male and female 
gametes. This is in accordance with HASEGAWA’s observations on the 
behaviour of the fragments in the pollen mitosis. 

(2) The transmission of small and large iso-fragments was studied 
in various cross combinations. These iso-fragments are derived from 
the short and long arms of the standard fragment in »Ostgéta Grarag>. 
The large iso-fragment has the same ability of postmeiotic non-dis- 
junction as the standard fragment, but the small iso-fragment is entirely 
devoid of this ability. 

(3) Fragment chromosomes in the rye variety » Vasa II» were found 
to be of the same general type and to have the same ability of non- 
disjunction as the standard fragments in »Ostgéta Grarag» and the 
fragments occurring in Russian and Japanese populations. The frag- 
ment in »Vasa II», however, was found to be slightly but significantly 
larger than the fragment in »Ostgéta Grarag». It also showed a much 
higher degree of pairing and hence a higher average number of frag- 
ments in the offspring. The different degree of pairing is supposed to 
be due to genotypical control rather than to the slight size difference. 
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A CROSSING-OVER DECREASE CAUSED BY 
A NEW SEX-LINKED LETHAL 


BY BERTIL RASMUSON and MARIANNE ESSEN 


ANIMAL BREEDING INSTITUTE, UNIVERSITY OF STOCKHOLM 





|" 1927 MULLER opened up new ways in the experimental research 
of mutations by the discovery that the mutation frequency in Droso- 
phila melanogaster could be increased by X-rays. Since that time a 
great many new ones and almost every mutation known before have 
been induced by X-ray treatment. Among these, the sex-linked lethals 
are the easiest to distinguish, thanks to the CIB method devised by 
MULLER. A great number of such lethals have been located and are 
described in »Drosophila Information Service», No. 9, 1938. 

In the spring of 1944 a number of wild-type males were X-rayed 
at the Radiophysical Institute, Karolinska Sjukhuset, Stockholm. The 
dose was 4500 r. In the X chromosome of one of these males a lethal 
mutation was found. The purpose of our investigation was to locate 
the lethal, /r, and to find the reason why the crossing-over percentage 
was reduced in the whole X chromosome, a fact discovered during the 
course of the research. 

The investigation has been performed at the Animal Breeding 
Institute, Wiad, Eldtomta. For help and advice in our work we are 
indebted to Professor GERT BONNIER. 

Crossing-over frequency. — The F, Bar females, produced in the 
CIB cross, have. been mated to males of the constitution y ec ct v f. 
The wild-type daughters from these matings have the constitution 
yecctv f/lr. When mated again to yecctvf males their offspring 
consisted of twice as many females as males, as the lethal had rendered 
half the number of males inviable. 

New crosses were made, phenotypically normal females of the gene 
constitution yecctv f/lr being always mated to yecctuvf males. 
During three generations the animals of 43 cultures were counted and 
classified, yielding a total of 5102 females and 3054 males. The dis- 
tribution of these with reference to their characters is shown in Table 1. 
From these values the crossing-over percentage was calculated, both 
for all the animals together and for females and males separately, to 
ascertain whether there was any distinct deviation between them. 
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Table 2 shows the result of these calculations. It appears that the differ- 
ence between males and females is inconsiderable, and from now on 
we can calculate with the total values. 

For comparison a number of crosses y ec ctv f/+ X yecctvf 
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Fig. 1. The crossing-over decrease in the lethal cross. (L, lethal values; 
C, control values.) 


TABLE 3. Comparison between the values of single crossing-over for 


the control and for the lethal cross. 





Interval 








| I 1 ee oe eZ 
y—ec | ec—cl | ci—v v—f 
| Control cross (C) ... . ... | 3,6 12,9 9,7 | 18,4 
| Lethal cross (L) ............ | 1,9 | 4,5 | 1,3 13,2 
| L in per cent of C......... | 52s | 34,9 | 13,4 | 71,7 
x 0,803 | 5,469 | 7,274 1,469 
P | 05—0,3 | 0,02—0,01 | 0,01—O,001 0,3—0,2 
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were performed. From these controls the animals of 10 cultures were 
counted, and gave 1498 females and 1357 males. If the values for the 
single crossing-over from the lethal cross are compared with those 
obtained from the control, we find that all the values from the lethal 
cross are inferior to those of the control (Table 3). The crossing-over 
reduction of the lethal cross is greatest in that interval where the lethal 
is situated, and it decreases in both directions (see below). The 
Z’ values suggest an effect from some biological factor for at least two 
of the intervals. 

To illustrate more clearly the crossing-over decrease the diagram 
in Fig. 1 is constructed. The abscissa shows the length of the chromo- 
some, according to the values obtained from the control, and the loci 
of the genes in question have been inserted. On the ordinate the 
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Fig. 2. Crossing-overs which lead to the coupling of the lethal with recessive genes. 


crossing-over values of the lethal cross have been noted for the differ- 
ent intervals in per cent of those of the control. 

Similarly, the values for the double crossing-over are considerably 
lower than those of the lethal cross, but comparisons are uncertain 
owing to the small numbers of animals. 


Localization of the lethal. — The results of the crossing-over prove 
that the lethal must be situated somewhere between ct and v. In Fig. 2 
we see that males which have received the gene constitution y, y ec and 
f after single crossing-over, or yf and ec after double crossing-over, 
must also have the lethal, if this is situated in Interval III. Such males 
are also lacking among the animals classified. Exceptions are three 
males, one with the genes y ec, one with y and one with /. To this 
class also belong the two wild-type males that have arisen in the crosses 
(see Table 1). As an explanation for the origin of these animals there 
are two possibilities: the gene may be a semilethal (cf. Discussion), or 
the animals may have lost the lethal in their X chromosome by double 
crossing-over. The origin can be explained as to the 
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+ animals by crossing-over in Interval III a, IIIb; 


yec » » » > » » II, III a, III b; 
y » » » » » » if Ill a, Ill b; 
i > > » » » » III a, III b, IV. 


We tried to cross out these males with XX females, but without 
success. 

In order to localize the lethal, the total number of males having 
crossing-over in Interval III were counted. Their number was 34, and 
they could be divided into two groups: one with crossing-over to the 
left of the lethal within III a, and one with crossing-over to the right 
within III b (ef. Fig. 2). 


Crossing-over in Illa: 6 vf and 1 yv/. Total 7. 
> » » IIb: 24 yecct, 2 ct and 1 yecctf. Total 27. 


The distance between ct and v was, according to the control, 9,8 
7x ds 
34 
units. The gene ci is situated at 20,0, and the locus of the lethal is 22,0. 
Balancing the lethal. — The lethal was kept in stock by means of 
a balancing method indicated by MULLER (DIS, No. 6, 1936). Pheno- 
typically normal females, y ec ct v f/lr, were mated to males with the 
constitution dl—49, y HwwiIzs. dl—49 is an inversion including 33 
units. It extends from the point 11 to the point 44. Iz’ homozygous 
females are sterile, whereas /zS males are fertile. From F, were selected 
females not showing the character y and probably having the genotype 
dl—49, y Hw w Iz‘/Ir (if crossing-over had occurred in the X chromo- 
some of the mothers, they might have been of a different kind, but in 
that case it would be detected in the following generations). They 
were again mated to dl—49, y HwwI/zs males. All the sons were of 
the constitution dl—49, y Hw wiz’, the females, on the other hand, 
were of two kinds: homozygous d/—49, y Hw w Iz’ females and hetero- 
zygous dl—49, y Hw w Iz‘/Ir females. As only females of the latter 
genotype are fertile, the lethal is thus kept in stock. 

Is the crossing-over decrease caused by the lethal? — The crossing- 
over decrease can be caused directly by the lethal, but it is also pos- 
sible that it arises through influence exerted by some other part of the 
chromosome. To solve this problem we needed a chromosome where 
the part containing the lethal gene was exchanged, but which was 


units, and the length of the Interval III] a was therefore — 202 
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otherwise identical with the original, X-rayed chromosome. The two 
above-mentioned wild-type males had such X chromosomes. The out- 
crosses of these were not successful. With XX females, however, one 
male only showing v gave sons that all had their X chromosume from 
the father. In this chromosome, crossing-over had occurred between 
ct and v and between v and f. The reason why the v male was crossed 
out, was also the possibility of proving a possible semilethal, If 
crossing-over had occurred between /r and v, the X chromosome of the 











Segment exchanged 
fap taorianeiadn ickataa’ ' 
y’ ec* ct* Ir* Vv fr 


Fig. 3. The X chromosome used in the v experiment. 


males must still contain Ir. After the outcross with the XX females 
we would expect only a few males. The result, however, did not indicate 
any lower vitality among the sons, and their X chromosome was there- 
fore lacking in Ir. Its appearance is shown in Fig. 3. As no y ec ctf 
female was to be had, we had to cross out these v males with totally 
recessive females — not a very good expedient, since the Intervals III 
and IV in this way could not be analysed separately. v females from 
F, were crossed to y ec ctv f males, and their offspring were classified. 


TABLE 4. Comparison between crossing-over values. 





| Interval _ 


| 
| | - —| 
| | I Dees 2 | III IV 


| 





| Control cross ............ i. aie 12.0 | 36,7 
Bo ed Me SO Ble 31,0 
WSOTHOL CPOSS 655.0065 208550 | 1,9 | 4,5 14,5 


A comparison of these crossing-over values with those of the control 
and the lethal cross is made in Table 4. As the Intervals III and IV 
in the experiment with the v male are unified, this segment has become 
so large that some double crossing-over must have occurred without 
being detected. The crossing-over percentage of these intervals is there- 
fore too small. The values from this experiment are throughout slightly 
lower than those from the control, but considerably higher than the 
values from the lethal cross, particularly in the intervals where the 
decrease is most pronounced. Thus it is obvious that the low crossing- 
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over values are caused by the lethal itself and not by any other part 
of the chromosome. 

Connection between crossing-over frequency and non-disjunction. 
— The results of the last-mentioned crosses show that the lethal has 
directly caused the low crossing-over percentage. As a possible ex- 
planation one might suppose the lethal to cause an incomplete pairing 
between the two X chromosomes. This fact would by itself result in a 
decrease of the crossing-over frequency, but would also lead to a non- 
disjunction, which in its turn would contribute to the decrease of the 


TABLE 5. Offspring from the cross y ec ct f/lr X B. 
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crossing-over values. Such a non-disjunction was impossible to dectect 
during the experiments hitherto performed, as we were working with 
gene combinations not marking the course of the chromosomes. 

When balancing the lethal some animals were, however, hatched, 
giving support to this hypothesis, because after the cross y ec ct v f/lr X 
dl—49, y Hw wz’ we obtained regular as well as patrocline sons. In 
this cross the X chromosome of the father was marked. 

To get further evidence we made the cross yecctv f/lr XB 
(Table 5), according to which those daughters that have wild-type 
eyes are matrocline and the B sons are patrocline. As a result of a 
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combination of crossing-over and non-disjunction the daughters can 
show all or a few of the recessive characters. The totally recessive 
females have arisen after crossing-over between f and the centromere, 
yecctv females after crossing-over in Interval IV and ctv/f and f 
females after double crossing-over, firstly between f and the centro- 
mere, secondly in Interval II and IV, respectively. 


TABLE 6. Percentage of non-disjunction animals in the cross 
y ec ctv f/lr X B. Corr.: the number of regular males doubled. 














|: Females | Males Males Total Total 
| | corr. corr. | 
| 
PENRO N gio cote ceinas ce teSeaetenssneree | 4,82 | 10,28 _ 5,42 6,59 | 5,11 
Gacmt Mo, We... ck | Ses | Sa 2,75 3,70 | 2,91 
1 ANDRE A Fi ssadices Ke Ries | 2200 | 47,08 31,82 


The 15 cultures gave varying results. In four of them we obtained 
no non-disjunction animals. All the remaining cultures gave ex- 
ceptionals, but one of them (No. 19) had a much higher percentage 
than the others. Table 6 shows the percentage of exceptionals, both 
for all the cultures together and for all except No. 19. An explanation 
of the result will be given further on. 

Discussion. — Through X-ray treatment a lethal mutation has been 
induced, situated between ct and v, approximately 2,0 units from ct. 
The backcrosses also showed a crossing-over percentage which was 
too small. The crossing-over percentage of the whole distance y—/ 
was only 20, corresponding to the 41,4 of the control. This marked 
decrease of the crossing-over percentage might depend on a chromo- 
some mutation, perhaps an inversion, having arisen simultaneously 
with the lethal. The crossing-over values of the lethal — 4,5 % be- 
tween ec and ct and 1,3% between ct and v — stand against those of 
the control — 12,9 % and 9,7 %. Both between ec and ct and between 
ct and v the crossing-over value is reduced by 8,4 units. This decrease 
would correspond to an inversion of 16,3 units. But with such an 
inversion, which would contain the lethal, it is difficult to explain 
the origin of the 6 vf males and the y vf male (Table 1). -The former 
must have arisen after a three-double crossing-over in the interval be- 
tween ct and v (9,7 units), the latter in the same way but with an 
additional crossing-over between y and ec. The crossing-over percentage 
is also abnormally low in the other parts of the chromosome, outside 
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of the possible inversion. Thus the crossing-over value is only 1,9 % 
between y and ec (3,o % in the control) and 13,3 % between v and f 
(18,4 % in the control). Since an inversion only reduces the crossing- 
over value in the inverted part and does not influence the rest of the 
chromosome, an inversion cannot have caused the crossing-over de- 
crease so obvious in all intervals. 

In case of the X-ray mutation being a semilethal, the two wild- 
type males found might be non-crossovers, and the males with the gene 
constitution y, yec and f (Table 1) might have arisen after single 
crossing-over. In such a case, however, a much greater number of 
males, which would have died rather young, would have been expected. 
Nothing of the kind has been observed, and, moreover, the experiment 
with the v male gives further proofs that no semilethality is present. 
After the outcross with XX females, 48 sons arose, fully fertile and 
vital. The crossing-over values obtained from their offspring agree 
very closely with those of the control, but show great deviations as 
against those of the lethal cross. 

Hence neither an inversion nor a semilethal can explain the pheno- 
menon thoroughly. Then the lethal must have directly influenced the 
crossing-over decrease, and one would suppose a more or less suppressed 
synapsis in the meiosis to be the cause thereof. According to DARLING- 
TON (1937), a normal meiotic division presupposes that the chromo- 
somes at chromatid formation are tied to each other by chiasmata, 
which guarantee a regular separation in the anaphase. If the pairing 
should be hindered by a possible repulsion, the chance of chiasmata 
forming must also be reduced, and the stronger the repulsion, the 
smaller the chances of pairing and the fewer the chiasmata formed. 
In our crosses, the interval in which the lethal is located also shows 
the greatest decrease of crossing-over, which, seen from a cytological 
point of view, is the result of a suppressed pairing in this interval. It 
may even happen that the pairing is completely suppressed, or in any 
case so slight that no chiasma is formed. In such a case the repulsion 
during the pachytene stage will separate the chromosomes, and they 
arrive in the metaphase as univalents. If the centromeres of the uni- 
valents should happen to lie on the same side of the equatorial plate, 
the two chromosomes will go together during the anaphase (STERN, 
1929). When this primary non-disjunction concerns the X chromo- 
somes, it gives rise to exceptions, matrocline daughters and patrocline 
sons. If a chromosome pairing, directly reduced by the lethal, a priori 
lowers the crossing-over frequency, this decrease will be further ac- 
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centuated by the presence of some, primary as well as secondary, non- 
disjunction animals. Since the saturation between two paired chromo- 
somes is total, should three homologous chromosomes be present, only 
two of them can be simultaneously paired within a certain segment. If 
one does not accept the possibility of one bivalent and one univalent 
— which e. g. STERN considers improbable — the repulsion between 
the lethal and its allelomorph might be compensated by an attraction 
to the Y chromosome within this segment. 

In the original backcrosses the wild-type females could be of 
different kinds: mostly there are ordinary diploid animals with 2X 2A, 
besides these there are primary non-disjunction females with two 
maternal X chromosomes, and finally secondary non-disjunction 
females of two types: some with two maternal X chromosomes and 
one Y from the father, and some with XY from the mother and the 
other X chromosome from the father. 

In the Bar experiment only one female has been used in every 
culture (except No. 19) without any knowledge of their chromosome 
constitution. In the cultures 3, 4, 8, 10 and 11, for instance, the 
mothers have in all probability been diploid. In culture 4 we thus 
found only one exceptional male, in No. 17 one exceptional male and 
one female. In those cultures where the daughters show recessive cha- 
racters, however, the mothers cannot have been diploid, in agreement 
with the theory that in case of a primary non-disjunction the chromo- 
somes are univalents in the metaphase of the first meiotic division. 
Since there are crossing-over animals present in these cultures, the 
mothers here must have been XXY females, they themselves hav- 
ing arisen after non-disjunction. 

In culture 19, however, two wild-type females were mated to four 
B males, unfortunately, because this culture is very interesting. It is 
probable that one of the females in this culture was of the XX type. 
She then produced the 63 heterozygous B females and the 27 regular 
males (Table 5), and the sex-ratio also agrees rather well with the 
expected 2:1. The X chromosomes of the other female must have been 
attached. The result of this attachment of course is wild-type daughters 
and B sons. This illegitimate attachment by crossing-over must have 
occurred latest in the grandmother, since these B males have fully motile 
sperms, and thus must be of XY type. This theory is further supported 
by the fact that the sex-ratio is approximately 1:1, which is to be 
expected, as the lethal chromosome is bound to the females. 

In Table 6 the percentage of non-disjunction appears to be twice 








488 BERTIL RASMUSON AND MARIANNE ESSEN 





as high for males as for females. A correction, however, must be 
introduced here. The percentage of non-disjunction for the females 
is calculated for the total number of females, i.e. this value is the 
correct one, whereas the percentage values of males are too high, half 
the number of males having died, viz. those having received the Ir 
chromosome from the mother. According to what has been said earlier 
this discussion does not hold for culture 19. 

Of course, it would have been desirable to have each female exa- 
mined; this would have given us information of their constitution and 
thus enabled us to calculate at what frequency the non-disjunction 
occurs. 


SUMMARY. 


(1) A sex-linked lethal (/r) induced by X-ray treatment has been 
localized to point 22,0. 

(2) The lethal lowers the crossing-over frequency in the whole X 
chromosome. 

(3) The crossing-over decrease is at its maximum in the interval 
of the lethal (between ct and v) and diminishes distally and proximally. 

(4) The lethal causes a high primary non-disjunction. 
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ASCORBIC ACID IN ROSA HYBRIDS 


By A. GUSTAFSSON anv J. SCHRODERHEIM 


SVALOF AND STOCKHOLM 





| a paper published by GusTAFssoNn (1944), concerning the mode 
of reproduction in Rosa canina forms, various morphological 
characters of hybrids were studied. In the course of experiments a 
strictly physiological property, viz. the formation of ascorbic acid in 
the ripe receptacles (hips), was also continually investigated. It is an 
established fact that different species in the genus Rosa, and even bio- 
types within a species, form widely different amounts of ascorbic acid 
(see, for instance, SCHRODERHEIM, 1941). Up to now, however, the 
behaviour of species hybrids has not been looked into. 

The forms involved are those reported in a previous paper, viz. 
two Rosa rugosa biotypes, one cultivated in the Lund Botanical Garden, 
one at Svaléf; R. rubiginosa, two individuals from Lund and Svaldf; 
R. canina var. Blondaeana, Lund, and two highly different biotypes of 
R. canina, Sval6f. 

Hips of the parents, as well as of the hybrids available, were 
analysed in 1941, 1942, 1943 and 1944. In the year 1944 the analyses 
were especially extensive, comprising up to four tests of each in- 
dividual in order to work out exactly the average amount of ascorbic 
acid in fully ripe but not over-ripe hips. It was shown by SCHRODER- 
HEIM (1941 and unpubl.), as well as by other scientists, that in certain 
species the ascorbic acid is rapidly destroyed after the ripening of 
the hips. 

For the methods used the reader is referred to the cited paper by 
SCHRODERHEIM. 


A COMPARISON BETWEEN PARENTS AND HYBRIDS. 


The R. rugosa biotypes examined by SCHRODERHEIM have an 
average ascorbic acid content of 3 to 5 % (on dry matter of the flesh), 
varying between 2 % and 8 %. The two forms used in cross experi- 
ments fall nicely within the variation sphere. In 1944 they gave average 
values of 3,1 and 2,7 % respectively, the highest values being 3,6 and 
3,0 %. Previous figures are rather similar. 
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R. rubiginosa, probably introduced into Sweden and rather uni- 
form in appearance, shows a range from about 2—4,5 % (different in 
different years). The forms used in cross experiments (Lund, Sval6f) 
gave in 1944 an average content of 2,9 and 2,9 %. One individual, ob- 
tained from seeds of the Lund representative and growing in the ex- 
perimental field at Sval6f, showed in 1944 an average value of 3,1 %, 
i.e. almost exactly the same as the mother. 

R. canina var. Blondaeana has always given an extremely low 
figure, namely 0,7—1,1 % (1941), 0—0.9 % (1943) and 0,7—0,3 % 
(1944). A progeny plant, now cultivated at Svaléf, similarly produced 
0,7—0,3 % in 1944. Very few of the canina types (s. 1.) examined by 
SCHRODERHEIM had such a consistently low content. This result is the 
more remarkable, since the form in question has rather large and 
intensely red-coloured hips when ripe and, in addition, is one of the few 
R. canina microspecies containing 42 chromosomes. Two other hexa- 
ploids with a very low content of ascorbic acid are R. Jundzillii and 
R. stylosa var. evanida. The other R. rubiginosa and canina forms 
examined here possess the pentaploid number. , 

The two R. canina types (I and II) gave average values of 2,4 and 
2.1% in 1944. A progeny plant of R. canina II has a somewhat lower 
content, 1,3 %, but in 1943 this was 2.6%. There is hardly any true 
difference, the more so as the mother and progeny look alike in 
morphological respects. 

Between the species described here several different cross com- 
binations were performed, unfortunately at such an early time that the 
importance of Rosa species as a source of ascorbic acid was not 
recognized. The results obtained from the F, hybrids are so interest- 
ing and promising, however, that we must reckon with a rapid in- 
crease of cross combination work in a near future. Karnbolaget A.B., 
Stockholm, now has in its possession a great number of new hybrids 
as well as progeny plants from the F,’s reported here. 

The canina—rugosa hybrids differ in behaviour. R. canina var. 
Blondaeana with its extremely low content of ascorbic acid gives an 
intermediary F, content. In 1944 eight different individuals possessed 
an average maximum value of 2,1 %, the mother having 0,8.% and the 
father 3,1 %. The variation between the different F, individuals is very 
slight. Whether there is any hereditary difference between them or 
not, is difficult to tell, the figures running rather similar. This is also 
reflected by the apparent homogeneity of the F,; generation (cf. 
GusTAFSSON, 1944, p. 407). 
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The crosses between R. canina I and rugosa and R. canina Il X 
rugosa are more interesting from a practical point of view. In both 
instances there is a pronounced F, increase in ascorbic acid. Five 
plants were obtained in the first-mentioned series (1934—1), and all 
of them form a higher amount of acid than the parents. On an average 
they had in 1944 a maximum content of 3,7 % as against 2,1 % for the 
mother and 2,7 % for the father. All the F, tests carried out in differ- 
ent years show consistently the same results. Plant 4 runs distinctly 
higher in 1944 than its sister plants, with an average content of 4,1 %. 
Plants 3 and 5 lie considerably lower (3,5 and 3,6 %). Similarly in 1943 
plants 1 and 2 lay higher than plant 5 (no other individuals were 
examined). Consequently it is probable that the F, individuals behave 
differently. This F, heterogeneity is accompanied by an obvious se- 
gregation in morphological characters (GUSTAFSSON, lI. c., p. 410). 

No more than two plants were obtained in the combination 
R. canina Il X rugosa, one of them being monosomic and severely 
damaged by the hard winters of 1940—1942. The normal sister plant 
gave 4,3 % ascorbic acid in 1944, the mother having 2,1 % and the 
father 2,7 %. Thus the F, increase is considerable. 

In the canina—rugosa crosses the F,’s are strong and rapid-growing 
with an intense flowering and fruiting. The nut formation is greatly 
decreased, however, so that the receptacles usually contain just a few 
developed nuts. In no respect do the F, plants look lethal or dishar- 
monious. The difference in F, behaviour may be explained in a regular 
Mendelian fashion. In the Blondaeana—rugosa hybrids the rugosa 
genes for high production of ascorbic acid are thinned out, so to say, 
the F, consequently being intermediary. In the canina I and canina II 
hybrids the rugosa genes meet with genes from the female also giving 
a rather high production of ascorbic acid, and so an F; transgression 
is induced. 

Some time ago the present authors pointed out another possibility 
(GUSTAFSSON and SCHRODERHEIM, 1944), namely that the sterility as to 
nut formation may be of importance. This possibility will be discussed 
in another connection (p. 494). 

The rubiginosa—rugosa crosses give partially disharmonious F;,’s. 
This is especially so in the combination of R. rubiginosa and rugosa 
from the Lund Botanical Garden. In this instance there occurs some 
form of diplontic sterility, the flowers falling off and hips being formed 
to a low extent. Nevertheless, compared with their parents, the F,’s 
possess approximately the same or a slightly lower content of ascorbic 
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acid. In 1944 two plants gave the average values of 3,0 and 2,3 % as 
against 2,9 % for R. rubiginosa and 3,1 % for R. rugosa. 

The F,’s of R. rubiginosa and rugosa of the Svaléf provenience 
are in no way so abnormal, although the vegetative system appears 
over-developed in a certain sense. 
abundant. Especially is that so in some plants, for instance, plant 8. 
The mother and the father plants possessed average contents of 2,9 and 


TABLE 1. Nut content and ascorbic acid in R. canina II X rubiginosa. 
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R. canina II 37,2 % 
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TABLE 2. Nut content and ascorbic acid in R. rubiginosa X canina II. 
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2.7% (in 1944). Eight F, plants showed from 2,1 up to 3,0 %, and an 
average content of 2,7 %, i. e. approximately as the parents. 

Especially interesting are the crosses R. canina Il X rubiginosa 
and reciprocal. These hybrids have been described at some length in 
the paper by GusTAFSSON (I. c.). The reciprocal two hybrid series are 
quite dissimilar in morphology, as well as habit of growth, winter- 
hardiness, and so on. Similarly there are pronounced differences in 
the amount of ascorbic acid. In 1944 the six individuals of R. canina Il 
X rubiginosa had an average value of 3,9 %, seven shrubs of R. rubi- 
ginosa X canina II a value of 2,3 %. The distribution in different years 
is shown in Tables 1 and 2. 

In no case and in no year did any plant of the hybrid series 
R. canina II X rubiginosa fall below a value of 3,2 %. Nine individuals 
examined of the reciprocal series R. rubiginosa < canina Il show an 
average content from 1,9 to 2,3 % in the years 1941—1944, and only one 
individual had a considerably higher amount (varying from 3,7 % in 
1944 to 5,1 % in 1941). This aberrant plant deviates strikingly as to 
morphology and fertility, as indicated in a previous paper. It, also, 
was monosomic, containing 34 chromosomes as against 35 in the sister 
plants examined. 

Another feature of interest is that all the plants of R. canina II 
rubiginosa show an increase in amount of ascorbic acid, as compared 
with the parents. R. canina II, growing at its original habitat, had from 
1,8 to 2,3 % in 1944, growing in the experimental garden it had from 
1 to 13 %. R. rubiginosa possessed from 2,6 to 2,9 %. In 1943 the 
figures were 2,1—2,7 % for the progeny plant of R. canina II and 3,3 
3.4 % for R. rubiginosa. It is immediately evident that every hybrid 
plant surpasses the parents, in some cases by one or two per cent. 
Consequently, here as well as in the canina—rugosa series, there is a 
striking F, increase in the formation of ascorbic acid. 

The reverse hybrid series, with the exception of the aberrant mo- 
nosomic plant, in no instance surpassed R. rubiginosa, and in several 
cases fell below the other parent also (R. canina II). This is the more 
remarkable as these hybrids in no respect can be denoted as abnormal 
or disharmonious. Instead, they flower and fruit abundantly. There- 
fore other conditions must be at play. 

R. rugosa is one of the best vitamin-producing species, not only 
owing to its rather high percentage of ascorbic acid but also to its large 
and heavy hips. It is therefore interesting to note that the absolute 
amount of ascorbic acid, measured per individual hip, is surpassed in 
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three F, individuals. R. rugosa (Svaléf) had in 1944 an absolute 
amount of 19—26 mg. per hip (four measurements), R. canina | 7—9 
mg. (three measurements). Plant 2 of this hybrid series showed 34 and 
38 mg. per hip, pl. 4 26 and 30 mg. and pl. 5 28, 30 and 31 mg. 

But the cross R. canina Il X rubiginosa is by far a more remark- 
able one. The parents have 5—7 and 8—10 mg. respectively (1944, 
three and four measurements). The six hybrid plants in no instance 
had a lower or an identical amount. Pl. 1 showed 20—22 mg., pl. 2 
18—20 mg., pl. 3 16—17 mg., pl. 4 21—23 mg., pl. 5 23—26 mg., and 
pl. 6 15—18 mg., the number of measurements in each case being two 
or three. The 1943 values are even more striking, the hybrid vitamin 
amount increased by about three times. 

Of the reciprocal series, five individuals in 1944 possessed lower 
amounts than both parents, viz. no more than 3—4 mg. per hip. 
Deviating here as elsewhere are plants Nos. 34 and 21, which have 
decreased fertility and about the same absolute content as the parents. 

Previously it was shown (GUSTAFSSON, l.c.) that at least when 
different biotype compounds (»species») are involved, the canina roses 
give true hybrids. This was proved by differences in morphological 
characters, although the F,’s in some cases strikingly resembled the 
mother parent. As shown in this paper, the physiological property 
concerned in the formation of ascorbic acid also indicates the same. 
The individuals of R. Blondaeana X rugosa, R. canina I X rugosa, R. 
canina II X rugosa, R. canina Il X rubiginosa and reciprocal always 
produce different amounts from those of the mothers involved. 


HIP FERTILITY AND ASCORBIC ACID. 


There are two possibilities to explain the F, increase of ascorbic 
acid. The immediate explanation is of course that the parents contain 
different genes for a high production and these are brought together 
in the hybrid. This would be the general combination scheme of 
AAbb * aaBB~> AaBb. With a complete or almost complete dominance 
of A and B the scheme would bring out the required F,; increase. This 
explanation may hold true in the case of R. canina I and R. canina Il 
X rugosa, but it does not suffice in the crosses R. canina II X rubigi- 
nosa and reciprocal. 

But also in the last-mentioned two series a genic explanation is 
possible. If we postulate that in R. canina II the genes for high pro- 
duction of ascorbic acid lie in the univalents and that in the case of 
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R. rubiginosa they lie in the pairing chromosomes, then R. canina II X 
rubiginosa will receive ascorbic acid genes from both parents, but R. 
rubiginosa X canina only from the mother. Consequently, crosses in 
the first direction will bring out an evident F, increase, crosses in the 
opposite direction a decrease. In view of the different constitution of 
the heterogametic systems such an explanation is not to be excluded. 

In a recent note GUSTAFSSON and SCHRODERHEIM (1944) pointed 
out that R. rubiginosa X canina II, which generally decreases the 
amount of vitamin, is greatly fertile, producing a high number of nuts 
per hip, in contrast to R. canina II X rubiginosa, which increases ascor- 
bic acid but is highly sterile (a few nuts per hip). An exception was 
R. rubiginosa K canina II pl. 34, which increases ascorbic acid but 
simultaneously decreases fertility. Consequently we were inclined to 
connect the formation of ascorbic acid and sterility in some way, though 
by no means disregarding the importance of specific genes or the ge- 
neral genotypic constitution. 

The average nut content of R. canina II X rubiginosa (1943 and 
1944) relative to the amount of ascorbic acid is as shown in Table 1. 
It immediately becomes evident that decreased fertility and ascorbic 
acid are connected, both as regards percentages and absolute amounts. 
The three plants having the lowest nut content also have the highest 
contents of ascorbic acid. The same thing appears after analysing the 
1943 and 1944 data of R. rubiginosa X canina II. Plants 34 and 21 
decrease the fertility as compared with the rest and simultaneously in- 
crease their content of ascorbic acid considerably. 

In the joint paper mentioned we had some further evidence. Ad- 
mittedly two sets of data referred to heterogeneous materials, involving 
different Rosa canina compounds (cases 1 and 2), but in one normal 
species (R. rugosa) the analysis of co-variance showed a rather satis- 
factory P-value (0,02). 

In two articles HARRISON and JACKSON (1944) as well as MELVILLE 
(1944) denied the possibility of a negative correlation. HARRISON and 
JACKSON pointed out that a spontaneous hybrid of R. dumetorum and 
mollis had an ascorbic acid content lying just between that of the 
parents (941 mg. per 100 gm. flesh against 724 and 1420 mg. in 
the parents). This is a situation simulated by the hybrids of R. Blon- 
daeana X rugosa. Here the parents lie widely different. It seems ob- 
vious to us that a hybrid genotype, poor in ability to form ascorbic acid, 
cannot improve by a possible sterility so as to surpass the best parent. 
The dumetorum—mollis hybrid was vegetatively very vigorous but 
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generatively weak, most flowers falling off before fruiting and the hips 
probably more or less deformed. That is also the case in some R. rubi- 
ginosa—rugosa hybrids. 

MELVILLE (I. c.) finds a slightly negative correlation between nut 
content and ascorbic acid in Rosa canina. The highest vitamin content 
is associated with a relatively low fertility. Nevertheless, low ascorbic 
acid figures are coupled with the highest and the very lowest nut 
percentages. 

In view of these objections we have reconsidered the data and 
gathered more material concerning the negative correlation in R. rugosa 
and the R. canina complex (s. 1.). 

In R. rugosa a negative correlation has been found to occur in 
different years (1939: P< 0,001, 1940: no significance, 1941: 0,0< 
P< 0,02, 1942: P=0,02). After dividing the large material examined 
into three different groups comprising (1) »ripe», (2) »ripe to soft», 
(3) »soft to loose» hip collections, the negative correlation within each 
individual group will disappear, however, or even change in a more or 
less positive direction. The apparently negative correlation in R. rugosa 
no doubt depends on the flesh partly adhering to the nuts when the 
over-ripe hips were analysed. Simultaneously the amount of ascorbic 
acid of the flesh will decrease owing to the over-ripeness. This is 
illustrated by the following figures, taken from the 1941-material. 


Ascorbic acid of 


Condition Number of analyses Nut content the Gesk 
PM Os scores 212 17,3 % 3,61 % 
(2) Ripe-soft ........ 219 19,7 % 3,4 % 
(3) Soft-loose ....... 166 20,2 % 3,40 % 
The result of this reconsideration is that no correlation — either 


negative or positive — is to be found in R. rugosa. 

Matters are different however in the R. canina complex, taken in 
its widest sense and comprising all the heterogamous species with their 
numerous microspecies. Here, an obvious and rather strong negative 
correlation prevails, which does not depend on any factors analysed 
in R. rugosa, as far as we can see. These results will be published by 
SCHRODERHEIM. Similarly a negative correlation is illustrated by the 
R. canina collections, examined in our joint paper of 1944. 


The chief results of the present investigation are that hybrids be- 
tween different Rosa types and species differ from their parents with 
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regard to ascorbic acid content. The examined reciprocal hybrid series 
differ greatly. In several cases the hybrids increase the amount of 
ascorbic acid even in the F,; generation and simultaneously decrease 
their nut content, i. e. get rather sterile. For the elaboration of ascorbic 
acid, therefore, cross experiments will be of immediate value. Whether 
the F; increase is due to a favourable gene combination exclusively or 
to an induced sterility also, is left undecided for the present. Neverthe- 
less, the very striking conditions within the reciprocal hybrid series of 
R. canina X rubiginosa argue in favour of the latter explanation. 
Further analyses of reciprocal hybrids in F,; and F, will no doubt 
reveal the actual conditions. 
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G. OsTERGREN: Equilibrium of trivalents and the mecha- 
nism of chromosome movements. 

A statistical analysis of the equilibrium position of trivalents and _ bi- 
valents during meiosis in autotriploid material of the grass Anthoranthum 
aristatum Botss. (2n — 3x = 15) has revealed the following regularities. 

(A) Each individual trivalent is displaced out of the metaphase plate 
towards that pole towards which it is turning its two-centromere side. (As 
is well known, trivalents nearly always have two centromeres directed towards 
one pole and one towards the other; so they may be said to have a two- 
centromere side and a one-centromere side.) 

(B) There is a joint displacement of the whole metaphase plate, tri- as 
well as bi-valents, out of the equator of the spindle towards that pole towards 
which the majority of the centromeres of the cell are directed. In other 
words, if there are many trivalents having their two-centromere sides in the 
same direction, each individual one of them is more strongly displaced in that 
direction than if there had been only few of them directed in this way, and 
the bivalents are also displaced in the same direction, although less strongly 
than the trivalents. 

The equilibrium position of trivalents strongly indicates that centromeres 
are attracted to spindle poles by forces increasing in strength with an in- 
creasing distance between centromere and pole, and that each centromere is 
attracted only by that pole towards which it is turned. Forces of this type 
can account for the movement to the metaphase plate during pro-metaphase 
(metakinesis), co- and auto-orientation of centromeres during metaphase, as 
well as the poleward movement during anaphase. There is no necessity to 
assume that the movement to the plate is caused by another mechanism than 
the movement away from it. The change in behaviour of chromosomes at 
the transition from metaphase to anaphase is simply due to the change from 
doubleness to singleness through the falling apart of daughter centromeres 
at mitosis and partner centromeres at meiosis. The double metaphase cen- 
tromere is turned towards both poles and attracted by both, and the single 
anaphase centromere is turned towards and attracted by only one pole. The 
metaphase centromere behaves as the simple sum of two anaphase centro- 
meres. (The observed equilibria are in contradiction to DARLINGTON’s theory 
of balanced repulsions, which theory can also be shown to be wrong by mere 
theoretical considerations.) 

The characteristic displacement of trivalents cannot be a specific charac- 
teristic of this grass species, as it was possible for J. A. BOOK to confirm my 
observations on his triploid material of the salamander Triton taeniatus. 
When we also consider how closely similar the course of mitosis is in all 
higher organisms, we may safely conclude that these observations are of 


general validity. 
The possible nature of the forces mentioned above will be discussed in 
connection with a more detailed description of this investigation. 


Institute of Genetics, University of Lund. 
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J. A. BOOK: Equilibrium of trivalents at metaphase. 


The equilibrium position of the V-trivalents at metaphase in autotri- 
ploid Triton taeniatus (2n == 3x == 36) has been analysed. The present in- 
vestigation took place in connection with G. OSTERGREN’s work on meiosis in 
autotriploid Anthoxanthum aristatum, which paper should be consulted by the 
reader. x 
The meiosis in triploid Triton has been described in a previous paper 
(BOGK, 1945). Attention is drawn here only to the behaviour of the trivalents. 
From 12 cells at the stage of full M.I. 20 V-tri- 
valents were drawn by the aid of a camera lucida 
at a magnification of 10 X 90 without selection. 
The distance from the centromeres to the corres- 
ponding spindle pole (centrosome) was measured 
on the drawings in millimetres as indicated by the 
dotted lines in Fig. 1. The geometrical errors of 
this measuring method, which are of no import- 
ance, will be discussed in the more extensive de- 70 pa 
ats ng by OSTERGREN. ; Fig. 1. Typical displacement 

The V-trivalents, as is well known, have two Se ielealeula: ah BES 
centromeres directed towards one pole and one 
towards the other. We may conventionally call these »pair» and »single» 
centromeres respectively. The trivalents are found to be displaced out of the 
equator towards that pole towards which their pair centromeres are turned, 
as shown in Fig. 1. The analysis shows that this displacement is statistically 
significant (cf. Table 1). 





TABLE 1. 











a | b a b | a b | a b 
ert cer | Se ae : 

14,5 | ee | 745 6,0 } i 9 er 5,0 | 7,0 3,8 
| 10,5 10,3 | 195 7,0 || 12,0 75 i 10,5 4,5 
| ie 5a || i, 95 || 4,0 10,0 | 17,5 6,5 

8,0 6,8 ! 9,0 7,3 || 15,0 Ce oe Gs 6,8 

12,5 45 || 10,0 9,3 || 10,0 90 || 5, 9,8 

1 unit = 0,8 uw. — a= single centromere—spindle pole distance. — b = mean 

pair centromeres—spindle pole distance. — Diff. a—b—x. — Yx= + 723. — 
2x? — 661,81. — x — 3,615 + 1,089. — t= 3,52. — 0,01 > p > 0,001. 


This characteristic behaviour of the trivalents indicates that the force 
in action between the spindle pole and the centromere is actually an attraction. 
Institute of Genetics, University of Lund, Sweden. 
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HELGE JOHNSSON: Chromosome numbers of the progeny from 
the cross triploid Xtetraploid Populus tremula. 


Although Populus tremula is diploid, 2n = 38, spontaneous triploids 
occasionally occur (JOHNSSON, 1940). Tetraploid plants occur in the progeny 
from the cross between triploids and diploids. The oldest tetraploid obtained 
in this way flowered in the spring of 1944. 

In earlier papers the author has dealt with the chromosome numbers 
of the progeny from crosses between diploid and triploid aspens (1940), be- 
tween triploid and triploid (1942), and between diploid and tetraploid (1945). 

These investigations have shown that all chromosome numbers between 
2x and 32 are realized from the diploid X triploid cross, although partly in 
reduced frequencies if the meiosis of the triploid is random; in addition 4x 
individuals appear in a frequency of 2,92 %. The chromosome numbers of 
the triploid X triploid progeny are more in accord with the probability com- 
putation, even if a certain selective elimination asserts itself. In the progeny 
after the cross diploid X tetraploid the chromosome numbers lie between 47 
and 59. 

Chromosome counts on 200 plants from the triploid X tetraploid cross 
have given the following results: 


_ Ta eee pte 50 51 52 53 54 55 56 57 58 59 
No. of plants 0 0 0 0 1 1 3 3 1 8 
Calculated .. 0,00 0,01 0,04 0,13 0,31 0,66 1,22 1500... 2i62.- B00 
ihe eas! 60 61 62 63 64 65 66 67 68 69 
No. of plants 7 7 17 16 24 15 16 13 14 9 
Calculated .. 5,45 7,60 11,05 15,95 21,52 25,93 27,52 25,02 19,22 12,53 
| pear 70 71 72 73 74 75 76 77 78 79 
No. of plants 15 3 3 5 6 3 0 0 0 0 
Calculated .. 6,71 2,91 0,98 0,28 0,03 0,00 ©6—(O 0 0 0 
Oat iecisewso 80 81 82 83 84 85 86 87 88 89 
No. of plants 0 0 0 1 4 1 0 0 0 0 
Calculated .. 0 0 0 0 0 0,04 0,04 O,1 0,18 0,18 
a ee 90 91 92 93 94 95 96 97 98 102 
No. of plants 0 0 0 0 0 2 1 0 0 1 
Calculated .. 0,11 0,11 0,51 0,69 0,80 2,70 0,29 Q.7 O 0 


The calculated values have been obtained under the assumption that the 
meiosis of the triploid is random and with reference to the fact that 2,92 % 
unreduced gametes are formed. Furthermore, the gametes of the tetraploid 
have been assumed to have those chromosome numbers and to occur in those 
frequencies that have appeared in the cross diploid X tetraploid. The chro- 
mosome numbers observed agree rather well with the calculated ones even if 
certain deviations make their appearance. The chromosome numbers be- 
tween 64 and 69 are therefore rather noticeably underrepresented, while the 














ABSTRACTS — KURZE MITTEILUNGEN 501 





numbers 72—75 (near 4x) are supernumerary. The individuals between 83 
and 102, which must take their origin from unreduced triploid gametes, 
represent 5 % of the total number, compared with the 2,92 % given for the 
diploid X triploid cross. There also occurred the numbers 83 and 84, which 
should not be realized for probability reasons. These deviations can be 
accounted for in different ways and scarcely take away the impression that 
the assumptions made are correct on the whole. 
Further studies of this progeny are in progress. 


Forest Tree Breeding Institute, Ekebo, Kallstorp, Sweden. 


Literature cited. 
1. JOHNSSON, H. 1940. Cytological studies of diploid and triploid Populus tre- 


mula and of crosses between them. — Hereditas XXVI. 

2. — 1942. Cytological studies of triploid progenies of Populus tremula. — 
Hereditas XXVIII. 

3. — 1945. The triploid progeny of the cross diploid X tetraploid Populus tre- 


mula. — Hereditas XXXI. 


Esko SUOMALAINEN: Vermutete Triploidie bei der partheno- 
genetischen Gewachshausschabe, Pycnoscelus surinamen- 
sis L. (Blattaria). 


Die urspriingliche Heimat der Gewachshausschabe, Pycnoscelus surina- 
mensis L., liegt in den Tropen, wo die Art zwischen den beiden Wendekreisen 
fast tiberall anzutreffen ist (naheres bei ROESER, 1940). Dort werden von 
dieser Schabe sowohl Weibchen als auch Mannchen gefunden. Aus den Tropen 
ist die Art nach Europa und Nordamerika wahrscheinlich mit Pflanzen- 
sendungen eingeschleppt worden. In den letztgenannten Lindern lebt sie in 
Gewiachshiusern und ist oft als ein schwerer Schidling bekannt geworden. 
Hier sind von Pycn. surinamensis niemals Mannchen, sondern stets nur Weib- 
chen gefunden worden. Diese vermehren sich parthenogenetisch. Weil von 
Pycn. surinamensis in den Tropen beide Geschlechter, in den Lindern mit 
gemissigtem Klima dagegen nur sich ausschliesslich parthenogenetisch ver- 
mehrende Weibchen auftreten, reprisentiert die Art einen typischen Fall von 
geographischer Parthenogenese. ' 

Von der Gewiichshausschabe findet man wenigstens in Mitteleuropa zwei 
morphologisch verschiedene Rassen. ROESER (op. c.) bezeichnet diese beiden 
Rassen als »major» und »minor». Die Rasse major ist grésser und zeigt dun- 
kelbraune bis schwarze Fliigelfarbung, die Rasse minor ist kleiner und hell- 
braun. Z. B. in den Gewichshéusern des Botanischen Gartens in Berlin- 
Dahlem mit einer ziemlich konstanten Erdtemperatur von 17—21° C war 
ausschliesslich die Rasse major zu finden, waihrend im Krokodilhaus des Zoo 
in Berlin mit etwa 20—25° C Erdtemperatur die Rasse minor vor allem zu 
Hause war. Ob die Rasse minor im allgemeinen wirklich eine héhere Tem- 
peratur fordert, ist jedoch unsicher. Z. B. im Krokodilhaus lebt ausserdem 
auch die Rasse major. 

Es ist festgestellt worden (vgl. VANDEL, 1928; SUOMALAINEN, 1940; 








502 


ABSTRACTS — KURZE MITTEILUNGEN 


SEILER, 1942, 1943; u. a.), dass die geographische Parthenogenese auf der 
Polyploidie der parthenogenetischen Rasse beruht. Darum erhebt sich die 
Frage, ob auch bei Pycnoscelus surinamensis die in den Landern mit ge- 
massigtem Klima vorkommende parthenogenetische Rasse polyploid ist. Auch 
verdiente untersucht zu werden, ob die beiden erwahnten Pycn. surinamensis- 
Rassen vielleicht verschiedene Polyploidiestufen reprasentieren. 

Sowohl die Rasse major als die Rasse minor haben in ihren somatischen 
Zellen deutlich 36 Chromosomen (Fig. 1—2). Diese Zahl wurde bei beiden 
Rassen in manchen mitotischen Metaphasen an Follikelzellen des Ovars kon- 
statiert. Die Chromosomen sind nicht gleich gross, die Gréssenunterschiede 
sind aber_so kontinuierlich und klein, dass eine genaue Analyse der einzelnen 
Chromosomentypen nicht méglich ist. Auch die X-Chromosomen kann man 
in den Mitosen nicht erkennen. Die meisten Chromosomen sind V-férmig und 

is 


Fig. 1—2. Follikelmitosen von Pycnoscelus surinamensis mit 36 Chromosomen. — 
1. Die Rasse minor. — 2. Die Rasse major. — 3000 X. 


scheinen einen medianen oder submedianen Spindelansatz zu haben. — Von 
den Reifungsteilungen habe ich keine Praparate erhalten kénnen, obwohl ich 
dazu recht zahlreiche Weibchen prapariert habe. | Die Weibchen gebaren 
lebende Junge, deren friiheste Embryonalentwicklung sich im Brutsack, also 
innerhalb des Kérpers der Mutter, vollzieht (vgl. ROESER, op. c.). Die Eier 
durchlaufen vermutlich die Reifungsteilungen (oder' die Reifungsteilung), ge- 
rade wenn sie aus den Ovariolen in den Brutsack gelangt sind. Diesen Moment 
kann man dusserlich an den Tieren nicht erkennen; darum ist es recht schwie- 
rig, die richtigen Stadien zu finden. Die Frage von der Zahl der Reifungs- 
teilungen bei Pycn. surinamensis bleibt demgemiass offen. 

Die bisexuelle Rasse von Pycnoscelus surinamensis ist zytologisch nicht 
untersucht worden. Unter jetzigen Umstainden ist es unméglich, von dieser 
Rasse Material zu bekommen. Morse (1909) hat jedoch bei einer nahever- 
wandten bisexuellen Schabenart, Leucophaea maderae F., die diploide Chro- 
mosomenzahl 24 konstatiert. (Leucophaea maderae ist allerdings von Pycn. 
surinamensis morphologisch verschieden und bedeutend grésser als diese). 
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Demnach scheint es wahrscheinlich, dass die parthenogenetische Pycn. surina- 
mensis-Rasse in Europa triploid ist. — Auch MATTHEY (1942) hat Pycnoscelus 
surinamensis zytologisch untersucht und in Follikelzellen des Ovars 40 Chro- 
mosomen gefunden. Auch er schliesst aus seinen eigenen Untersuchungen bei 
Pycnoscelus und denjenigen von MorsE bei Leucophaea, dass die partheno- 
genetische Rasse von Pycnoscelus surinamensis polyploid ist. 

Bemerkenswert ist, dass manche Chromosomen in den _ untersuchten 
mitotischen Metaphasen bei Pycnoscelus surinamensis aus zwei, sich deutlich 
verschieden farbenden Teilen bestehen (vgl. Fig. 2). Manche Chromosomen ha- 
ben nimlich einen Endabschnitt, der schmiler als das iibrige Chromosom ist und 
sich weniger intensiv fairbt. Die in der Fig. 2 abgebildete Platte zeigt min- 
destens 12 Chromosomen mit einem deutlich helleren »Schwanz». Die exakte 
Bestimmung der Anzahl solcher Chromosomen ist schwierig, weil sich die 
Endabschnitte selbst in derselben Platte ein wenig verschieden stark firben. 
In einigen Platten sind sie sogar gleich dunkel gefarbt wie die iibrigen Chro- 
mosomenteile, so dass man sie nicht erkennen kann (Fig. 1). In den Pro- 
phasen konnte ich diese helleren Endabschnitte nicht feststellen. Es ist offen- 
bar, dass wir es hier mit einer Heterochromasie zu tun haben. — Es mége 
erwahnt werden, dass ich (unver6ffentlicht) bei der Kiichenschabe, Phyllo- 
dromia germanica L., im X-Chromosom einen helleren heterochromatischen 
»Schwanz» festgestellt habe, der sich jedoch nicht nur in der Metaphase, son- 
dern auch wahrend der anderen Phasen der Reifungsteilungen weniger in- 
tensiv farbt. 

Diese Arbeit wurde zum groéssten Teil im Kaiser Wilhelm-Institut fiir 
Biologie, Abteilung H. BAvER, durchgefiihrt. Das Untersuchungsmaterial 
stammt aus Berlin (die Rasse major aus dem Botanischen Garten in Dahlem, 
die Rasse minor aus dem Krokodilhaus des Zoo). Zur Fixierung und Farbung 
der Priparate ist Karminessigsiure verwendet worden [Quetschpriiparate nach 
dem bei BAUER und TIMOFEEFF-RESSOVSKY (1939) angegebenen Verfahren]. 
Sie wurden dann mit dem Gemisch von BOUIN-ALLEN nachfixiert und mit 
fuchsinschwefliger Saure nach FEULGEN nachgefirbt. 

Genetisches Institut der Universitat Helsinki, Finnland. 
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